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LONG-TERM FOLLOW-UP OF TRACHEOESOPHAGEAL 


PUNCTURE RESULTS 
JAMES A. GERAGHTY, MD BARRY L. WENIG, MD, MPH 
BONNIE E. SMITH, PHD LOUIS G. PORTUGAL, MD 


CHICAGO, ILLINOIS 


Since its introduction by Blom and Singer in 1980, tracheoesophageal puncture with a voice prosthesis has become the most 
frequently recommended choice for speech rehabilitation of total laryngectomees. Many studies have reviewed the initial speech 
acquisition success rates following tracheoesophageal puncture; however, long-term follow-up in these initial successes has been 
lacking. In addition, factors predictive of long-term success with tracheoesophageal speech have not been defined. Over a 10-year period, 
we retrospectively reviewed all total laryngectomy patients, including those who have undergone primary or secondary tracheoesophageal 
puncture, at the University of Illinois Hospital and Clinics and the Westside Veterans Administration Hospitals. Survival in the total 
laryngectomy cohort of 202 patients ranged from 35% to 50%. Forty of these patients underwent tracheoesophageal puncture, in whom 
survival was 75%. Short-term success with tracheoesophageal speech was approximately 70% for our patients, while lon g-term success 
was achieved in 66%. Despite low socioeconomic status and relatively high alcoholism rates, successful maintenance of tracheoesophageal 
speech was achieved in the majority of cases. Tracheoesophageal speech should therefore be considered as a primary method of vocal 
rehabilitation in all patients undergoing total laryngectomy. 


KEY WORDS — laryngectomy, rehabilitation, voice. 


INTRODUCTION pharyngectomy, neck dissection(s), or postoperative 
radiotherapy as indicated. Most patients also rou- 
tinely underwent cricopharyngeal myotomy, which 
is now standard practice at our institution. 


Over the 14 years since its introduction by Singer 
and Blom! in 1980, tracheoesophageal puncture (TEP) 
has been proven relatively safe and effective as either 


a primary or secondary voice rehabilitation meth- Tracheoesophageal puncture, utilizing the Blom- 
od.* Despite its overall success, concern remains Singer prosthesis, was carried out on 40 of these 
among otolaryngologists and speech pathologists patients, of whom 30 were men. Their average age 
with regard to its long-term reliability,’ and also with was 56 years (range 38 to 70). Primary tracheo- 
regard to its possible contraindication among alco- esophageal puncture, at the time of laryngectomy, 
holic and less compliant patient populations. was performed on 18 patients. Selection of candi- 


dates was based on the patients’ preoperative desire 
for voice rehabilitation, and informed consent. Sec- 
ondary TEP was performed on 22 patients, with 14 
months as the average interval between laryngectomy 
and puncture. Selection of these candidates was based 
on the patient’s desire for TEP and the ability to 
cooperate with the speech pathology preoperative 
evaluation, as well as physical prerequisites such as 
adequate visual acuity and manual coordination, On 
the basis of insufflation testing results, several pa- 
tients underwent myotomy at the time of secondary 


During the 10-year period from January 1984 to puncture. 


Tracheoesophageal puncture has been performed 
since 1982 at the University of Illinois Hospital and 
Clinics and the Veterans Administration Westside 
Hospital. Based on this extended experience, a retro- 
spective follow-up study was designed to examine 
the long-term success and survival of our patient 
cohort, as well as the possible effects of social and 
economic factors. 


METHODS 


April 1994, 202 patients underwent total laryngectomy Between May 1984 and October 1994, the charts 
at the University of Illinois Hospital and Clinics for all 40 puncture patients were reviewed. Twenty- 
(Illinois Eye and Ear Infirmary) and the Veterans nine of these patients were alive and receiving fol- 
Administration Westside Hospital. This cohort con- low-up care; 27 of these 29 were examined by an 
sisted of 167 men and 35 women. otolaryngologist, and answered a series of questions 


Total laryngectomy was performed for T3 or T4 from the otolaryngologist and speech pathologist. 


squamous cell carcinomas, combined with partial Short-term success was defined as initial acquisi- 


From the Department of Otolaryngology—Head and Neck Surgery, The University of Illinois College of Medicine at Chicago, Chicago, Illinois. 
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 29-30, 1995. 
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TABLE 1. SURVIVAL IN TOTAL LARYNGECTOMY 


COHORT 
No. % 
Disease-free survival 7 35 
Lost to follow-up 30 15 
Deceased 99 49 
Known recurrence or second primary 2 1 
Total 202 100 


tion of intelligible tracheoesophageal speech. Suc- 
cessful TEP use, on long-term follow-up, was de- 
fined as “using TEP for majority of verbal communi- 
cation needs,” and required speech to be intelligible 
to the examiners. Use of alternative modes of speech 
was also evaluated to verify that the TEP was, in fact, 
the primary mode. 


RESULTS 


Initial evaluation of the entire laryngectomy co- 
hort (Table 1) revealed a survival rate of 35% to 50%. 
We presume that the majority of those patients “lost 
to follow-up” are probably deceased. 


Forty patients, with an average age of 56 years, 
underwent TEP. Survival was approximately 75%, 
and initial voice success 70% (Table 2). Three of the 
initial 12 failures were due to either medical prob- 
lems or surgical complications of laryngectomy in 
the postoperative period, preventing either use of the 
puncture or training. Twenty-nine of the 40 TEP 
patients are currently alive and receiving follow-up 
care, with a long-term TEP success rate of 66%. We 
were able to perform a follow-up interview in 27 of 
the 29 ‘available patients. The average length of 
follow-up for this group was 39.3 months. 


The patients’ educational levels (Table 3) were 
low but did not affect TEP success, with the-excep- 
tion of a slight trend toward failure with higher levels 
of education. Evaluation of patients’ economic stand- 
ing (Table 4) reflected their largely lower-class sta- 
tus, but similar to education, this did not seem to 
detract from their chances for success. 


TABLE 2. SURVIVAL AND VOICE SUCCESS IN 


TEP PATIENT COHORT 
| No. %o 
Initial evaluation . 
Initial success (primary TEP) 12/18 67 
Initial success (secondary TEP) 16/22 73 
Initial success (total) 28/40 70 
Follow-up evaluation 
Deceased 10/40 25 
Lost to follow-up 1/40 2.5 
Long-term success 19/29 66 


TEP _ tracheneennhageal nincture 


TABLE 3. EDUCATION AND VOICE SUCCESS 


TEP Result* 
Early Early Late 
Failure SUCCESS Success 
Eighth grade or less 1/27 8/27 8/18 
Ninth through 12th 
grade 6/27 9/27 8/18 
College 2/27 1/27 1/18 


*p > .10 for entire group (failure-success ratios compared among all 
three educational groups); p = .036 for only eighth grade versus 
college. 


Only 2 patients in the follow-up group admitted to 
recreational drug use. Alcoholism (Table 5), by com- 
parison, was present in 18 of 27 patients prior to TEP. 
The majority of alcoholics had quit drinking by the 
postoperative period. Among those who continued 
with heavy alcohol use postoperatively, 4 out of 6 
maintained good tracheoesophageal speech. 


For comparison of speech success among the sub- 
groups in each of Tables 3, 4, and 5, a Fisher exact test 
was used. The results are footnoted on each Table. 
The differences in speech success only achieved 
statistical significance in comparison of those pa- 
tients with an eighth grade education versus those 
with a college education (p = .036). 


No operative or immediate postoperative compli- 
cations were noted in the 40 TEP patients, although 
2 eventually required repeat TEP because of diffi- 
culty with prosthesis placement or position. Of the 27 
patients with long-term follow-up, the following 
were noted: 4 episodes of difficulty with insertion of 
prosthesis, 3 episodes of stomal stenosis, 1 aspiration 
of the prosthesis, and 2 episodes of fistula leakage (8 
patients total). There were no fatalities or serious 
morbidities attributable to the TEP. 


DISCUSSION 


Tracheoesophageal puncture appears to have gained 
acceptance as a relatively safe and effective method 
of voice restoration, and has even been performed 


TABLE 4. ECONOMIC STATUS 


Early Early Late 
Failure Success Success 


Preoperative <$10,000 4/27 9/27 9/18 
maximum $10,000- 2/27 121 7/18 
yearly income 20,000 

>$20,000 3/27 2/27 1/18 

Postoperative <$10,000 = 7/27 17/27 16/18 


$10,000- 1/27 1/27 1/18 
20,000 
>$20,000 1/27 0/27 0/18 
p>.42 for preoperative income group, p=.25 for postoperative income 
group, where p compares failure-success ratios among three income 
suberouns. 


yearly income 


a 
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TABLE 5. ALCOHOL USE AND VOICE SUCCESS 


Early Early Late 
Failure Success Success 


No history of alcoholism 5/27 4/27 3/18 

History of alcoholism (total) 4/27 14/27 14/18 
Quit months or years prior 

to TEP 1/27 3/27 3/18 

Quit at time of TEP 1/27 7/27 7/18 


Continued heavy alcohol use 2/27 4/27 4/18 


p > .36 for entire group, p > .20 for only abstaining and heavy use 
groups, where p compares failure-success ratios among rows 1, 2, and 


a 


under topical or local anesthesia.®.? Despite this ac- 
ceptance, however, many patients are still not reha- 
bilitated. Possible reasons for this include selection 
bias,’ recurrent carcinoma, and refusal of rehabilita- 
tion. A portion of the selection bias has consisted of 
patients not being considered for puncture because of 
perceived inability to comply with training cr care for 
the prosthesis. 


The screening process for our patients with pri- 
mary punctures consisted only of vision evaluation 
and consent for the procedure; screening for second- 
ary procedures consisted of the patient compliance 
with three preoperative visits and esophageal insuf- 
flation evaluation, as well as visual acuity. 


Our patients generally had low levels of formal 
schooling and income, and a high rate of alcoholism. 


Despite these factors, which are felt to predispose to 
patient noncompliance and failure, our patients dem- 
onstrated adequate (70%) success, and maintained 
this surprisingly well (66%) over an average follow- 
up period greater than 3.5 years. 


A reasonable conclusion, based on this, is that 
patient motivation alone should provide the basis for 
selection of patients for TEP, regardless of education, 
economic status, or substance abuse. Previous stud- 
ies»? have shown that in an unselected series of 
laryngectomy patients, up to 26% or more simply 
refuse or do not follow through with voice restora- 
tion. 


CONCLUSION 


The success of tracheoesophageal speech acquisi- 
tion in laryngectomy patients has been adequately 
demonstrated elsewhere. Our series shows that long- 
term maintenance of this success is possible, even in 
an urban population of low socioeconomic standing 
with high alcoholism rates. 


The superior quality of tracheoesophageal 
speech, !0-!2 as well as the ease of performance at the 
time of laryngectomy, makes TEP a good choice for 
laryngectomee rehabilitation. This option should be 
presented to all patients physically able to care for 
and use the prosthesis. 
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ACOUSTIC MEASUREMENT OF SUBGLOTTIC STENOSIS 


JUDITH M. CZAJA, MD THOMAS V. MCCAFFREY, MD, PHD 
ROCHESTER, MINNESOTA 


A device that determines cross-sectional area (CSA) of the airway by acoustic reflections (Hood, Inc) was used to measure subglottic 
area. Airway models were made from Plexiglas rings with known internal dimensions similar to clinically encountered stenoses of 
various lengths and diameters. Acoustic measurements of airway area were made and compared to actual CSA. There is a strong 
correlation between CSA measured acoustically and the actual area of simulated stenoses. However, when the CSA of the stenosis was 
<0.64 cm, the signal was impaired, resulting in overestimation of the stenotic CSA. In simulated stenoses with a CSA of <0.38 cm2, 
acoustic measurement of the CSA beyond the stenotic segment was unreliable. Determination of the origin of stenosis was accurate with 
this method. The CSA of cadaver airways was also measured acoustically. The CSA 2.0 cm below the glottis of normal airways in males 
ranged from 1.28 to 2.74 cm? and in females 0.87 to 1.43 cm2, with means of 2.16 and 1.09 cm2. It appears that acoustic measurement 
of CSA of subglottic stenosis is a feasible clinical technique that yields dimensions of the airway in situations in which direct 
measurements are impossible. It was suggested that this technique be used for assessment of subglottic stenosis and evaluation of the 
efficacy of treatment of subglottic stenosis. 


KEY WORDS — acoustics, laryngeal stenosis, tracheal stenosis. 


INTRODUCTION measurement of the CSA of the nasal airway. Acous- 

The use of acoustic impulse reflection to measure tC Thinometry was first described by Hilberg et al’ in 
airway cross-sectional area (CSA) has been an estab- 1989. It is based on acoustic principles identical to 
lished investigational technique since its introduc- those applied to the measurement of total CSA of the 
tion by Jackson et al! in 1977. Cross-sectional area as central airway, namely, 1) unidimensional wave 


a function of distance along the airway can be deter- propagation, 2) negligible thermal and viscous losses, 
mined by analysis of a reflected acoustic signal. 3) sy mmeiric and regular bifurcation of oneness, 
Primarily utilized to measure total CSA of the distal and 4) maintenance of airway wall rigidity over the 
(lower) trachea and lower airways, this technique frequency range of the acoustic impulse.” The tech- 
correlates strongly with actual CSA measurementsat Pique of acoustic rhinometry in the management of 


specified distances along the tracheobronchial tree, Pasal obstruction has proved effective in the diagno- 
Human and animal studies have been performed to sis of structural and mucosal abnormalities. Further- 


demonstrate this correlation. Techniques used to ex- more, itis valuable in the postoperative evaluation of 
amine actual airway CSA for comparison with acous- rhinosurgical procedures. The commercial availabil- 
tic measurement have included air bronchograms, ity of acoustic measuring devices for rhinometry now 
plain chest radiographs (anteroposterior and lateral), Makes this application to the laryngotracheal airway 
and sectioning of negative silicone rubber castsofthe Possible. 

tracheobronchial tree.2-> The accuracy of cross-sec- 
tional measurements made by the acoustic method 
has been demonstrated to the level of fifth-generation 
bronchial airways.’ Although the technique of acous- 
tic impulse reflection in the tracheobronchial tree has 
played a significant role in investigational studies, its 
use as a diagnostic and prognostic test in the clinical 
setting has been limited. Only one study to date has 
been performed to investigate the utility of this tech- 
nique in the clinical diagnosis of upper airway ob- 
struction.® 


The evaluation of laryngotracheal stenosis is lim- 
ited by the lack of standardized methods for estima- 
tion of the total CSA and length of the stenotic 
segment. Current methods for the diagnosis and 
evaluation of laryngotracheal stenosis include plain 
radiography, tracheal tomograms, computed tomog- 
raphy (CT) volume reconstructions, magnetic reso- 
nance imaging (MRI), pulmonary function tests, and 
direct laryngoscopy. Although these diagnostic tests 
are able to qualitatively evaluate the severity of 
laryngotracheal stenosis, they do not provide accu- 

Although the technique was initially designed to rate measurements of true CSA. Use of CT and MRI 
examine the tracheobronchial tree, Jackson’s! origi- is expensive and time-consuming, and only yields 
nal system has been adapted for clinical use in the accurate measurements of CSA when the plane of 
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Fig 1. Acoustic wave tube fitted with silicone ©) ARG) Nie 
iene 


nosepiece and Plexiglas tube. Nosepiece tip 
marks level of glottis at 0 mm. 


study is perpendicular to the airway. Direct laryn- 
goscopy is subjective when describing the stenosis as 
a percentage of the total CSA, and is inaccurate when 
evaluating length of stenotic segments. The ideal 
method used to diagnose and evaluate laryngotracheal 
stenosis should be simple, rapid to perform, and 
inexpensive, pose no increased risk to the patient, and 
be conveniently adapted for use in the office setting. 


The technique of acoustic impulse reflection to 
assess upper airway obstruction by measurement of 
total CSA and length of stenotic segments is feasible. 
The method has proven effective and accurate in the 
determination of CSA in previous studies of nasal 
and central airways. The purposes of this study are to 
compare the actual CSA with the acoustically mea- 
sured CSA of simulated laryngotracheal stenoses, to 
determine the accuracy of acoustic impulse reflection 
in the measurement of these stenoses, and to use 
acoustic impulse reflection to provide standardized 
measurements of subglottic CSA of 20 human ca- 
daver larynges without a previous history of laryngo- 
tracheal disease. 


MATERIALS AND METHODS 


Acoustic Rhinometer.The acoustic rhinometer was 
easily adapted for our investigation of simulated 
laryngotracheal stenoses and cadaver larynges. The 
equipment and theory of acoustic rhinometry have 
been previously described by many investigators.” 
The system consists of a computer (desktop PC), 
software provided by Hood, Inc, an acoustic tube 
(Eccovision) equipped with a microphone, a click 
generator, and a calibration tube attachment. 


A click filtered between 150 Hz and 10 kHz 
generates the initial acoustic impulse that propagates 
along the wave tube. This impulse passes a micro- 
phone that receives the incident wave, then travels 
through an attached nosepiece of known diameter 
fitted to the artificial larynges. The acoustic impulse 
passes into the attached Plexiglas tube and is re- 
flected at the step discontinuities representing changes 
in CSA of the artificial laryngotracheal segments. 
Reflected analog wave signals are received by the 
microphone, amplified, low-pass filtered, and digi- 


La 





tized. The software converts the acoustic data to area- 


distance functions that are plotted on a logarithmic 
scale. The sampling time for each trial is approxi- 
mately 1.5 seconds per impulse. 


Calibration of the system prior to experimentation 
involved attachment of a calibration tube of constant 
diameter to the acoustic tube in order to calculate the 
incident acoustic wave. All subsequent measure- 
ments of reflected acoustic waves were calculated by 
subtraction of the calibrated incident wave from the 
total incident and reflected waves received by the 
microphone in the acoustic tube. Calibration was 
performed daily at the initiation of the experimental 
trials. 


Model Studies. Plexiglas tubes were fashioned to 
simulate male (large) and female (small) larynges. 
The large tube inner diameter measured 19 mm, 
corresponding to a CSA of 2.83 cm2. The small tube 
inner diameter measured 13 mm, corresponding to a 
CSA of 1.33 cm?. A series of Plexiglas rings were 
fashioned to fit the large and small tubes. The large 
rings had an outer diameter of 18 mm, and the inner 
diameters measured 9 mm, 7 mm, 5 mm, and 3 mm. 
The small rings had an outer diameter of 12 mm, and 
the inner diameters measured 7 mm, 5mm, and 3 mm. 
Each of the rings in both groups was 5 mm in 
thickness. One end of each Plexiglas tube was se- 
curely fitted with a silicone nosepiece (Hood, Inc). 
Visualizing the end of the nosepiece through the clear 
Plexiglas tube, a millimeter measuring strip was 
affixed to the outside of the tube where 0 mm marked 
the tip of the nosepiece. The acoustic wave tube was 
calibrated and the nosepiece—Plexiglas tube was at- 
tached (Fig 1). A variety of stenoses were created by 
using the Plexiglas rings of different sizes. These 
represented simple straight, hourglass, and conical 
tapering stenoses (Fig 2). These were placed into the 
Plexiglas tube and positioned to originate at various 
distances from the nasal tip as indicated by the 
millimeter ruler. In this model, the tip corresponded 
to the glottis; therefore, all measurements were refer- 
enced from this point. An acoustic impulse was 
generated by the acoustic rhinometer and an area- 
distance curve was calculated. Four area-distance 
curves of each stenosis model were obtained to test 
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the accuracy and reproducibility of the acoustic rhi- 
nometer. Each acoustic area-distance curve was plot- 
ted, and the actual area-distance curve (a step area 
discontinuity) was superimposed onto it for compari- 
son by using the Sigma Plot graphing software (Jandel 
Scientific). Origin, length, and total CSA of the ste- 
nosis measured by the two techniques were com- 


pared. 


Cadaver Studies. Twenty normal human cadaver 
larynges (10 male, 10 female) fixed in 10% formal- 
dehyde were obtained from autopsy specimens. The 
epiglottis and preepiglottic fat, if present, were re- 
moved. Several centimeters of trachea were present 
on each larynx specimen, although the length of the 
tracheal remnants varied. All larynges were posi- 
tioned ona securely fitting nosepiece attached to the 
acoustic wave tube so that the nosepiece tip was 
directly at the glottic level. An acoustic impulse was 
generated and an area-distance curve was calculated. 
Subglottic CSA measurements were made 2 cm be- 
low the glottis. The total length of each specimen was 
measured from the tip of the nosepiece to the end of 
the distal tracheal segment and recorded. 


RESULTS 


Laryngotracheal Models. With the tip of the nose- 
piece inserted into the artificial larynx at 0 mm to 
represent the glottic level, the origin of the stenosis 


- a eR a aS 
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Fig 2. Examples of stenoses fashioned from stacks of Plexiglas 
rings. Scale is in centimeters. A) Simple, straight stenosis. 
Stenosis length (L) is 1.5 cm. Stenosis cross-sectional area (A) 1s 
0.38 cm2. B) Tapering, conical stenosis. L = 2.0 cm, A = 0.64 cm? 
to 0.07 cm2. C) Hourglass stenosis. L = 2.5 cm, A = 0.64 cm? to 
0.07 cm? to 0.64 cm?. 
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was accurately determined acoustically. The acous- 
tic wave began its negative deflection at a point prior 
to the origin of the stenosis, reaching the point of 
maximal negative slope of the acoustic deflection at 
the exact origin of the simulated stenosis (Fig 3A). 
This was reproducible in every trial, and this accu- 
racy in measurement did not change as the distance of 
the stenosis origin increased from the tip up to 5.0cm. 


Acoustically determined CSA overestimated true 
CSA area (between 10% and 50%) in all cases. We 
found that by increasing the length of the stenotic 
segment, the acoustic CSA more closely approached 
the true CSA. In addition, increasing the diameter of 
the stenosis improved the accuracy of the acoustic 
CSA measurement (Fig 4). 


Recovery of an accurate acoustic CSA measure- 
ment beyond the stenosis occurred variably. Post- 
stenotic CSA was underestimated in all cases, and as 
the length of the stenotic segment increased, the 
acoustic poststenotic CSA less closely approximated 
the true CSA, with a gradual loss of the cylindric 
contour of the acoustic wave. Yet, as the area of the 
stenosis increased from 0.07 cm? to 0.64 cm? (corre- 
sponding to diameters of 3 and 9 mm, respectively), 
the true poststenotic CSA was more closely approxi- 
mated acoustically (Fig 3B-E). 


Termination of the stenotic segment was indicated 
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Fig 3. Area-distance curves. Bold line — true CSA, narrow line — acoustic CSA. A) Of simple, straight stenosis shown in Fig 
2A. Origin and length of stenosis are accurately predicted by acoustic reflection. B) Of straight stenosis 0.5 mm long, 0.07 cm? 
total cross-sectional area (CSA). Short, narrow stenosis was less accurately measured by acoustic reflection. C) Of straight stenosis 
2.5 cm long with identical CSA as in B. Total CSA measurement is more accurate as stenosis length increases. There is loss of 
accuracy in measurement of poststenotic segment in longer stenoses. D) Of straight stenosis 0.5 cm long, 0.64 cm? total CSA. This 
stenosis was more accurately measured by acoustic reflection than stenoses in B and C. E) Of straight stenosis 2.5 cm long, 0.64 
cm? total CSA. When compared with B, this curve shows improved accuracy of acoustic reflection technique in longer stenoses 
with larger CSA. F) Of tapering, conical stenosis similar to that shown in Fig 2B. Acoustic damping occurs in prestenotic segment 
represented by bimodal peak in acoustic waveform. Subtle changes in tapering stenosis are not accurately detected by incident 
wave. 


by the origin of the maximal slope of the acoustic Cadaver Studies. The total CSA of human cadaver 
wave after the curve minimum. This was a reliable larynges was measured 2.0 cm below the level of the 
indicator of stenosis length, even in the case of the glottis in 10 male and 10 female larynges. In males, 


most severe stenosis. the CSA ranged from 1.28 cm? to 2.74 cm?, with a 
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Fig 4. Three-dimensional curve shows absolute difference 
between measurement of acoustic wave CSA and true 
CSA. Absolute difference between two techniques ap- 
proaches zero for longer stenoses of any CSA, and for 
stenoses with larger total CSA. 


mean of 2.16 cm2. This corresponds to a mean diam- 
eter of 1.65 cm. In females, the CSA ranged from 0.87 
cm? to 1.43 cm?, with a mean of 1.09 cm’. This 
corresponds to a mean diameter of 1.17 cm. 


DISCUSSION 


The use of acoustic impulse reflection to measure 
airway dimensions has proved reliable, reproducible, 
and accurate.!-5910 When compared with conven- 
tional techniques available for the assessment of 
airway areas, acoustic techniques have been accurate 
to the level of fifth-generation bronchial airways.? 
Little has been done to utilize this technique in the 
clinical setting of laryngotracheal stenosis. Our ob- 
jective in this study was to determine the accuracy of 
acoustic impulse reflection in the detection of upper 
airway narrowing. 


The prestenotic acoustic CSA measurements 
closely approximated the step-area discontinuity rep- 
resenting true CSA in all cases. In those stenoses 
originating at a distance farther from the imaginary 
glottic level (nosepiece tip at 0 mm), a bimodal peak 
was seen. This occurred secondary to the summation 
of the incident wave and the reflected wave, which 
travels in a direction opposite to that of the propagat- 
ing incident wave. This acoustic damping effect was 
maximal at larger distances and was negligible when 
the stenosis began at the origin of the tip (Fig SE), 


The origin of the stenotic segment was accurately 
predicted for all types of stenoses. The acoustic 
impulse was reflected at the initial step-area discon- 
tinuity and indicated the origin; however, for taper- 
ing, conical stenoses, subtle changes inthe CSA trom 
0.64 cm? to 0.07 cm? were not accurately detected by 
the incident waves (Fig 3F). The sensitivity of the 
microphone receiving subtle reflections suchas those 


occurring in a conical stenosis was poor. In addition, 
certain internal losses occur with acoustic wave propa- 
gation that also may limit this method in the detection 
of subtle changes, thus decreasing its accuracy. 


These same considerations apply to the underesti- 
mation of the poststenotic segment CSA by acoustic 
reflection. Most of the incident wave energy was 
reflected at narrow stenoses; the remainder of the 
propagating waveform was therefore unable to closely 
approximate the true CSA beyond the stenosis. As we 
increased the diameter of the stenosis in our models, 
the estimation of the true CSA by the propagating 
wave improved. This has been shown by other inves- 
tigators as well.! In addition, waves propagating 
through shorter stenoses were not attenuated as greatly 
as those traveling through longer, narrow segments, 
therefore, the approximation of the poststenotic CSA 
was more accurate. Despite the shortcomings of this 
technique in accurately predicting the poststenotic 
CSA, the length of the stenotic segment was clearly 
indicated in all trials. The first positive deflection of 
the acoustic wave after the stenotic origin correlated 
closely with the total length or termination of the 
stenotic segment. This was true in all cases, even 
those with the narrowest stenoses. 


Certain acoustic principles of wave propagation 
must be assumed if acoustic impulse reflection is to 
be utilized to measure airway CSA. These theoretic 
considerations include unidimensional wave propa- 
gation, negligible thermal and viscous losses, regular 
branching bifurcation of airways, and rigid airway 
walls.35 Whether the airway walls behave rigidly 
over the generated frequencies of propagating waves 
has been a disputed point in other studies analyzing 
CSA of in vivo and in vitro tracheobronchial seg- 
ments.2 Losses in a nonrigid wall by dissipation of 
propagating wave energy can lead to overestimations 
of the true CSA.24 To increase airway wall rigidity in 
vitro, some investigators have coated (with moderate 
amounts of petroleum jelly) the tracheobronchial 
segments under study, thereby increasing wall in- 
ertance. Energy loss in these instances becomes neg- 
ligible, and good estimates of CSA are obtained. In 
vivo models have required different alterations in 
experimental technique to obtain increased airway 
wall rigidity. Dynamic airway segment wall compli- 
ance is altered by the frequency of the incident 
acoustic waves. At low frequencies (100 Hz), wall 
compliance is higher than the compliance of the 
surrounding air. As the incident frequency increases 
(100 to 1,000 Hz), wall compliance begins to dc- 
crease until, at frequencies greater than 1,000 Hz, 
airway segment wall inertia Is maximal and dynamic 
compliance falls. In an effort to maximize incident 
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acoustic wave frequencies and energy, investigators 
have applied the principles of altered wave velocity 
in different compositions of gas. Wave velocity in 
air is significantly less than in a mixture of 80% 
helium—20% oxygen (He-O2; 34,300 cm/s versus 
64,500 cm/s, respectively). By changing the medium 
through which incident waves propagate to He-O2 
mixtures, the frequency of an incident wave is in- 
creased to a point where dynamic airway wall com- 
pliance is negligible and airway walls are maximally 
rigid. By allowing wave propagation in an He-O2 
mixture, incident wave velocity and frequency are 
increased, airway wall compliance is negligible, and 
the propagating wave energy is maximal, thereby 
improving estimated measurements of airway CSA. 


Within the stenotic segment, the propagating wave 
overestimated CSA in all cases. The shorter segments 
of narrowest diameter yielded the poorest prediction 
of total CSA, as well as the termination of the stenosis. 
Our investigations were performed in room air. Per- 
haps one cause of overestimated stenotic CSA in our 
model was poor wave propagation in room air. 


Limitations in the sensitivity of the acoustic sys- 
tem prevented accurate detection of rapid, small 
changes in CSA. The closest approximation of true 
CSA by acoustic reflection occurred in stenoses of 
CSA measuring 0.64 cm?. These results suggest that 
the acoustic reflection technique with this system 
was less accurate in the evaluation of shorter stenoses 
with a CSA of less than 0.64 cm2. When the length of 
the stenosis was increased, the incident propagating 
wave gradually conformed to the narrowed contour 
of the stenotic segment. This improved the estimation 
of total CSA for all diameters of model stenoses. 


Cross-sectional areas measured acoustically have 
been compared with those measured radiographi- 
cally or directly by positive and negative tracheo- 


bronchial tree casts. These comparisons have been 
used to demonstrate accuracy with the acoustic tech- 
nique, rather than to define baseline values of acous- 
tic CSA in normal male and female larynges. One 
study!! comparing area measurements by acoustic 
impulse reflection versus CT scanning found the 
mean CSA by acoustic reflection to be 1.8 cm?. This 
mean was calculated from measurements of 11 sub- 
jects who had histories of glottic disease and had 
received surgical therapy. The sex of the subjects 
included for study was not indicated. To our knowl- 
edge, the results we obtained in the acoustic measure- 
ment of larynges from 10 normal female and 10 
normal male subjects without a previous history of 
laryngotracheal disease are the first standardized 
acoustic measurements of normal male and female 
laryngeal CSA below the glottis. 


Acoustic measurement of CSA is a feasible clini- 
cal technique that can assist in diagnosis and evalua- 
tion of laryngotracheal stenosis. We have shown that 
the acoustic impulse reflection technique is reliable 
and reproducible for the measurement of simulated 
laryngotracheal stenoses when measurements are 
made within the limitations of the method (CSA > 
0.64 cm?), yielding accurate results in our model 
studies. 


Our protocol adapted the acoustic rhinometer for 
the model and cadaver studies. The limitation in our 
current setup is related to the size of the acoustic wave 
tube and the inability to utilize this at direct laryn- 
goscopy. Modifications are being made to adapt the 
system for use at direct laryngoscopy and bronchos- 
copy. Further clinical trials are being performed to 
establish this technique for use in the assessment of 
patients with laryngotracheal stenosis and evaluation 
of the efficacy of treatments of laryngotracheal ste- 
nosis. 
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ND:YAG LASER TREATMENT FOR LARYNGEAL AND 
HYPOPHARYNGEAL HEMANGIOMAS: A NEW TECHNIQUE 
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The treatment of laryngeal and hypopharyngeal hemangiomas is indicated when they are symptomatic, causing dysphagia, recurrent 
bleeding, or airway obstruction. These tumors are found in the glottis, supraglottic larynx, and hypopharynx. Histologically, they are 
considered as mixed or cavernous-type hemangiomas. By utilizing a glass slide to compress the lesion, its thickness and blood flow are 
reduced. The tumor can then be laser-photocoagulated with less energy, with the glass slide used as a laser platform. These conditions 
optimize the benefits of laser ablation while minimizing the adverse heat sink effects to the surrounding healthy tissue. We present three 
patients with hemangiomas of the larynx and hypopharynx who were treated with this technique. The details of the technique in each 
case will be presented with the objective of improving the care of these unusual and challenging tumors. 


KEY WORDS — hemangioma, hypopharynx, neodymium:yttrium-aluminum-garnet laser. 


INTRODUCTION 


Laryngeal and hypopharyngeal hemangiomas are 
uncommon neoplasms that can cause dysphagia, re- 
current bleeding, and airway obstruction. Histori- 
cally, these lesions have been a therapeutic challenge 
and surgical resection has been the mainstay of ther- 
apy.}2 Since the introduction of the carbon dioxide 
laser in otolaryngology, laser therapy for vascular 
lesions has proven to be a very useful adjunct in the 
management of these vascular neoplasms.>-7 


Laryngeal and hypopharyngeal hemangiomas have 
been divided clinically into pediatric and adult types.8 
Pediatric hemangiomas most often present as a sub- 
glottic mucosal-covered mass and are histologically 
of the capillary type with tangled nests of small blood 
vessels. Adult hemangiomas are usually found in the 
hypopharynx and larynx. Histologically, they are 
usually of the cavernous or mixed type, with a thin, 
friable mucosa overlying the vascular stroma. Oth- 
ers? have proposed that vascular lesions be divided 
into two groups, “hemangiomas” and “malforma- 
tions,” based on their degree of mitotic activity and 
postnatal growth characteristics. The nomenclature 
of vascular lesions remains controversial, and for the 
purposes of this article we will refer to them as 
hemangiomas and will limit our discussion to the 
adult type. 


The neodymium:yttrium-aluminum-garnet (Nd: 
YAG) laser has several characteristics that make it 


well suited to the treatment of low-flow vascular 
lesions of the hypopharynx and larynx.’ It produces 
a coherent beam of infrared radiation at a wavelength 
of 1,064 nm (invisible, near infrared) and can be 
carried by a flexible fiberoptic delivery system. The 
tissue characteristics of the Nd:YAG laser result in 
deep penetration (up to 1 cm in depth)® and scatter of 
laser energy that is preferentially absorbed by pig- 
mented or vascular tissue. This allows photocoagu- 
lation of deeper structures while only minimally 
disrupting the overlying mucosa.!° The rapid regen- 
erative capacity of the mucosa and judicious selec- 
tion of laser energy parameters further limits mucosal 
damage. However, cavernous hemangiomas create a 
heat sink effect due to their configuration of large 
venous sinusoids that dissipates the laser energy and 
significantly reduces the efficiency of the Nd: YAG’s 
coagulation effects. By compressing the lesion with 
a glass slide held with microlaryngeal forceps, the 
heat sink effect is mitigated and photocoagulation 
occurs using less total energy. Thus, the risk of 
transmural injury to underlying structures is reduced 
while allowing photoablation of the hemangioma. 
Theoretically, since there is less damage to the sur- 
rounding normal structures, postoperative cicatrix 
should also be reduced. 


We present three cases in which this technique was 
used successfully to treat adult hemangiomas involv- 
ing the larynx and hypopharynx. Details of the pa- 
tients’ clinical course and the technique will be dis- 
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Fig 1. Glass slide held with microlaryngoscopy forceps is 
inserted through laryngoscope to compress laryngeal or 
hypopharyngeal hemangioma prior to photoablation with 
neodymium:yttrium-aluminum-garnet laser. 


cussed. 
MATERIALS AND METHODS 


Three patients were treated with the commercially 
available SLT Contact Nd:YAG laser from SLT- 
YAG (Oaks, Pa) by means of the glass slide compres- 
sion technique for extensive hemangiomas involving 
the hypopharynx and larynx over the past 3 years 
(1991 to 1994). A total of six treatments were per- 
formed. Follow-up after therapy has been 11 to 30 
months. 


The lesions were exposed with suspension micro- 
laryngoscopy performed with general anesthesia ei- 
ther through a tracheostomy tube or by the jet venti- 
lation technique. The patients’ eyes were covered 
with moist eye pads and the face was covered with 
moist towels, leaving only the laryngoscope exposed. 
The larynx was visualized with an operative micro- 
scope and the lesion compressed with a portion of a 
borosilicate glass slide held by microlaryngeal for- 
ceps (Fig 1). The Nd:YAG laser was used in the 
continuous mode at 15 to 20 W and was transmitted 
through a 2.5-mm optical fiber (SLT-YAG, model 
SSRH 9), without a focusing tip, to the surface of the 
slide. The lesion was photocoagulated in a sweeping 
fashion until blanching and visible involution of the 
hemangioma were observed. With the Nd: YAG laser 
in the contact mode, a portion of the lesion could be 
resected and sent for pathologic evaluation. Each 
procedure took approximately 30 minutes, All pa- 
tients received intraoperative and postoperative cor- 
ticosteroids. 


CASE REPORTS 


Case 1. A 59-year-old man presented to our insti- 
tution with a 2-month history of intermittent hemop- 
tysis and a sore throat. The patient denied otalgia, a 
chronic cough, dysphagia, a change in voice, aspira- 
tion, shortness of breath, stridor, or weight loss. 
Fiber-optic and rigid endoscopic evaluation of the 
patient’s hypopharynx and larynx demonstrated a 
submucosal vascular lesion extending from the right . 
laryngeal ventricle to the posterior commissure, post- 
cricoid region, right arytenoid, and aryepiglottic fold 
area. The vocal folds were normal and the airway was 
adequate. The remainder of the findings on examina- 
tion were unremarkable. A diagnosis of a cavernous 
hemangioma was made. 


A computed tomography (CT) scan demonstrated 
a vascular tumor in the right supraglottic larynx, 
based along the aryepiglottic fold and interposed 
between the endolarynx and the pyriform sinus, with 
extension inferiorly to the postcricoid region. This 
was felt to represent a cavernous hemangioma. Mag- 
netic resonance imaging (MRI) and magnetic reso- 
nance angiography (MRA) corroborated the CT find- 
ings and showed that there was no tumor vascularity 
supplying the laryngeal mass from either the carotid 
or the vertebrobasilar circulation. 


Because of the extensive nature of the lesion, a 
staged Nd:YAG photoablation was planned. The 


- patient underwent a prophylactic tracheostomy using 


local anesthesia followed by suspension microlar- 
yngoscopy performed under general anesthesia. The 
hemangioma was then photocoagulated with the 
Nd:YAG laser set at 15 W continuous and the lesion 
compressed as described. Eighty percent of the lesion 
was photocoagulated during this procedure. There 
was no bleeding. The postoperative pain was negli- 
gible and was successfully managed with acetamino- 
phen. The patient was initially fed through a naso- 
gastric tube and was advanced to a regular diet by the 
fourth postoperative day. He was discharged on the 
fifth postoperative day with a metallic No. 4 trache- 
ostomy tube in place. The patient was returned to the 
operating room 5 weeks after his initial procedure for 
additional photocoagulation using the same tech- 
nique to treat residual hemangioma of the postcricoid 
region on the right side. This was performed as an 
ambulatory procedure. The patient did well and was 
decannulated 2 weeks later. 


The 1-year follow-up revealed no residual heman- 
gioma or scar formation and a normal airway. How- 
ever, the patient returned 2 years after the first proce- 
dure complaining of throat discomfort. Evaluation 
revealed a small hemangioma of the right arytenoid 
and aryepiglottic fold. No scar formation was noted 
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and the vocal folds were normal. The patient was 
returned to the operating room and the lesion treated 
without a tracheostomy. Jet ventilation anesthesia 
was employed and the tumor photocoagulated by 
means of the endoscopic glass slide compression 
technique with the Nd:YAG laser set at 20 W. The 
patient was discharged the following morning. 


It has been 6 months since the last procedure and 
the patient is doing well, without any sequelae from 
his Nd:YAG phototherapy and with no evidence of 
hemangioma. 


Case 2. A 39-year-old woman presented with a 
painless swelling in the right side of her neck that had 
been gradually enlarging over the past several months. 
The patient admitted to a globus sensation and mild 
dysphagia. However, she denied odynophagia, a 
change in voice, respiratory difficulty, hemoptysis, 
weight loss, otalgia, fever, or any other medical 
problems. On physical examination there was a right- 


Fig 2. (Case 2) Images demonstrating extensive hemangioma 
involving right posterior and lateral hypopharyngeal walls. A) 
Computed tomogram. B) T1l-weighted magnetic resonance 
image with gadolinium. C) T2-weighted magnetic resonance 
image with gadolinium. 


sided neck mass at level III that was soft, nontender, 
and compressible. Flexible fiberoptic nasopharyn- 
goscopy demonstrated a large, violaceous, nonpul- 
satile submucosal mass in the hypopharynx. The 
endolarynx was normal. Examination of the oral 
cavity revealed this mass to involve the right side of 
the floor of the mouth anteriorly, extending to the 
area of the horizontal ramus of the mandible. 


A CT scan with contrast (Fig 2A) revealed mul- 
tiple, irregular foci of intense enhancement involving 
predominately the right anterior floor of the mouth, 
as well as the posterior and lateral oral and hypopharyn- 
geal walls. These findings were consistent with a 
cavernous hemangioma, and MRI and MRA scans 
(Fig 2B,C) were performed to identify the vascular 
extent of the tumor. They demonstrated a predomi- 
nately low-flow vascular lesion composed of large 
vascular spaces. Few vascular voids were noted. This 
was felt to be consistent with acavernous hemangioma. 
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The patient underwent an angiogram that demon- 
strated an extensive cavernous hemangioma extend- 
ing from the right floor of the mouth to the hypophar- 
ynx and involving the right thyroid lobe and a portion 
of the superior mediastinum. Because of the extent of 
the lesion, staged operative ablation was planned. 
The patient first underwent superselective emboli- 
zation followed by an open neck exploration and 
excision of the hemangioma of the right thyroid lobe 
and superior mediastinum. The patient had a satis- 
factory postoperative course. 


Staged Nd: YAG photocoagulation procedures were 
then planned to eradicate the remaining tumor. One 
month following the open surgical procedure, the 
patient underwent suspension microlaryngoscopy 
using jet ventilation anesthesia that revealed a cav- 
ernous hemangioma of the right hypopharynx, ex- 
tending into the region of theright and left aryepiglottic 
folds. We performed Nd: Y AG photocoagulation with 
the laser set at 15 W in the continuous mode and the 
lesion compressed with a glass slide as described. 
Approximately 75% of the lesion was photoablated, 
with a significant reduction in the size of the lesion. 
The patient had an excellent postoperative recovery, 
with no airway distress, and was discharged the 
following morning. 


Ninemonths following the first laser treatment, the 
patient was returned to the operating room for further 
Nd:YAG photocoagulation therapy of the remaining 
hemangioma on the left aryepiglottic fold. An iden- 
tical surgical technique was utilized. The patient has 
done well postoperatively, with full resolution of her 
symptoms. A 6-month follow-up examination in the 
office revealed no residual hemangioma or postop- 
erative cicatrix. . 


Case 3. A 61-year-old woman presented com- 
plaining of discomfort in her throat and a globus 
sensation that had lasted for several months. She 
denied dysphagia, odynophagia, a change in voice, 
respiratory difficulty, hemoptysis, weight loss, otalgia, 
fever, or any other medical problems. Examination 
with both rigid and flexible endoscopy revealed a 
submucosal, nonpulsatile mass with a bluish hue 
involving the right arytenoid with extension to the 
aryepiglottic fold. The remainder of the head and 
neck examination findings were normal. Given the 
classic appearance of the tumor, the diagnosis of a 
laryngeal hemangioma was made. 


She underwent suspension microlaryngoscopy with 
jet ventilation and compression photocoagulation of 
the lesion with the Nd: YAG laser set at 15 W continu- 
ous. Postoperatively, the patient did very well and 
was discharged home the following morning. 


It has been 11 months since surgery and the patient 
has complete resolution of her preoperative symp- 
toms. There is no evidence of residual tumor, scar- 
ring, or alteration of voice quality. 


RESULTS 


The patients in this series experienced total resolu- 
tion of their preoperative symptoms. No untoward 
events occurred from the use of the laser. Excessive 
bleeding or airway compromise was not encountered 
in any of these patients. Postoperative pain was 
minimal at the surgical site. No mucosal sloughing 
was encountered. Deglutition improved in the second 
patient and was unimpaired in the first and third 
patients. On 6- to 11-month follow-up from the last 
procedure, the patients are without evidence of dis- 
ease. No scarring or stenosis has been observed in 
either the hypopharynx or larynx, and the patients’ 
phonation has been unaffected. 


DISCUSSION 


Cavernous hemangiomas of the larynx and hypo- 
pharynx are unusual lesions that have been a chal- 
lenging clinical problem. Traditionally, treating these 
lesions required extensive, open surgical procedures 
in which patients often required numerous blood 
transfusions, with all of the associated morbidity and 
potential postoperative complications that these sur- 
gical procedures entail. Photocoagulation with the 
Nd:YAG laser has offered the clinician an effective 
alternative therapy that is minimally invasive and has 
few complications when used safely and correctly. 


Although the Nd: YAG laser has been used to treat 
vascular lesions in the larynx,>° large cavernous 
hemangiomas create a heat sink effect due to their 
anatomic configuration. If one tried to photocoagulate 
the lesion without compressing it first, much greater 
energy would be required to overcome the absorption 
of the venous sinusoids. This excess energy is trans- 
mitted well beyond the contact point of the Nd:YAG 
laser because of its tissue scatter characteristics. 
Furthermore, if one were to compress and laser- 
coagulate the entire lesion at one sitting, it would not 
decompress satisfactorily. There would be excessive 
extravasation of the contents of the hemangioma into 
adjacent normal tissue or rupture of the capsule with 
excessive bleeding. If we allow time between the 
laser procedures, scarring of the tumor bed occurs 
and decreases the size of the hemangioma. Therefore, 
treatment for large hemangiomas should be per- 
formed in stages. Since hemangiomas are benign 
lesions, it is better to undertreat them and follow their 
involution over time than to damage healthy tissue 
and induce excessive necrosis, edema, scarring, and 
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stenosis, particularly when dealing with lesions in the 
larynx and hypopharynx. 


Patients should be informed, during preoperative 
counseling, of this staged surgical approach. Further- 
more, it should be stressed that the goal of therapy is 
directed at control of the tumor and relief of symp- 
toms rather than total eradication of the lesion. With 
this philosophy in mind, the surgeon is encouraged to 
preserve normal structures and function. 


There was no intraoperative or postoperative hem- 
orrhage. Considering the vascular nature of these 
tumors, the Nd:YAG laser has proven to be an effec- 
tive photocoagulator, even when the lesions are rela- 
tively deep and submucosal. Because of the intimate 
relationship of vital, named vessels to the larynx and 
hypopharynx, the surgeon should appreciate the prox- 
imity of these structures to the hemangioma being 
treated. Preoperative CT scan with contrast, MRA, 
and angiography are helpful in both planning the 
procedure and avoiding injury to adjacent vessels. 
Furthermore, by using tumor blanch as the treatment 
end point and not re-treating the same area twice, the 
likelihood of inadvertent damage to underlying struc- 
tures is exceedingly small. As expected, the laser left 
the uninvolved overlying mucosa intact. 


Our patients tolerated the procedures very well. 
There was minimal postoperative pain, requiring 
only acetaminophen for relief. It is felt that this can be 
attributed to the tissue-selective nature of the Nd: YAG 
laser. Because of the nerves’ white color and the 
Nd: YAG’s selective absorption by vascular tissue, 
the laser is able to photocoagulate effectively while 
sparing the nerves. Our patients had a sensate opera- 
tive site following surgery, which confirmed the 
nerve’s function postoperatively.> The nerves will be 
damaged if directly lasered. Therefore, the surgeon 
should have an understanding of the underlying neu- 
ral anatomy and its relationship to the lesion in order 
to avoid iatrogenic injury. Given the benign nature of 
these tumors, preservation of all normal structures 





should be paramount. 


Although Nd:YAG photoablation induces an in- 
flammatory response, it has been shown that it causes 
relatively minimal tissue edema.® None of the pa- 
tients had an edematous, compromised airway fol- 
lowing any of the procedures. The patency of the 
airway was also aided by the fact that therapy was 
performed in stages for the larger lesions. The pa- 
tients also received intraoperative and postoperative 
corticosteroids empirically. Our first patient had a 
prophylactic tracheostomy and was fed through a 
nasogastric tube for several days. In retrospect, both 
of these precautions were probably unnecessary. 
However, if a tracheostomy is not performed, staged 
procedures should be spaced several months apart to 
allow for full resolution of the postoperative edema 
and involution of the tumor. 


Follow-up since the first laser procedure for each 
patient has been 30 months, 15 months, and 1} 
months for cases 1, 2, and 3, respectively. No evi- 
dence of scarring, voice change, airway compromise, 
or dysphagia has occurred. It is felt that the use of the 
glass slide compression technique significantly con- 
tributed to these results. In addition, it should be 
stressed that no lesion was treated repeatedly in the 
same site; this policy also limited the total energy 
delivered to the tissues and thus minimized postop- 
erative cicatrix. Although our initial results appear 
encouraging, this analysis must be interpreted with 
caution because of the small number of patients and 
relatively short follow-up period. 


In conclusion, the endoscopic glass slide compres- 
sion—Nd: YAG laser technique has proven to be an 
effective tool in the treatment of laryngeal and hypo- 
pharyngeal hemangiomas. For this technique to work 
properly, patients should be treated in stages, particu- 
larly when the lesions are large. Therapy can be 
performed on an overnight basis with minimal post- 
operative morbidity. Excellent long-term function 
and full resolution of symptoms can be obtained. 


ACKNOWLEDGMENT — We thank Dr Mouwafak Al-Rawi for his artistic assistance. 
REFERENCES 


1. Bardach J, Panje W. Surgical management of large cav- 
emous hemangioma. Otolaryngol Head Neck Surg 1981;89:792- 
6. 


2. Azzolini A, Bertani A, Riberti C. Superselective emboli- 
zation and immediate surgical treatment: our present approach to 
treatment of large vascular hemangiomas of the face. Ann Plast 
Surg 1982;9:42-60. 


3. Parkin JL, Dixon JA. Argon laser treatment of head and 
neck vascular lesions. Otolaryngol Head Neck Surg 1985;93:211- 
6. 

4, Healy G, McGill T, Friedman EM. Carbon dioxide laser in 
subglottic hemangioma. An update. Ann Otol Rhinol Laryngol 


1984;93:370-3. 

5. Rebeiz E, April MM, Bohigian RK, Shapshay SM. Nd- 
YAG laser treatment of venous malformations of the head and 
neck: an update. Otolaryngol Head Neck Surg 1991;105:655-61. 

6. Shapshay SM, David LM, Zeitels S. Neodymium-YAG 
laser photocoagulation of hemangiomas of the head and neck. 
Laryngoscope 1987;97:323-30. 

7. Rosenfeld H, Sherman R. Treatment of cutaneous and 
deep vascular lesions with the Nd:YAG laser. Lasers Surg Med 
1986;6:20-3. 

8. Werkhaven J, Ossoff RH. Surgery for benign lesions of 
the glottis. Otolaryngol Clin North Am 1991;24:1179-89. 


Á wi 


Yellin et al, Laser Treatment for Hemangioma 515 


9. Mulliken JB. Classifications of vascular birthmarks. In: 10. McCaffrey TV, Cortese DA. Neodymium: Y AG laser treat- 
Mulliken JB, Young AE, eds. Vascular birthmarks: hemangiomas ment of subglottic hemangioma. Otolaryngol Head Neck Surg 
and malformations. Philadelphia, Pa: WB Saunders, 1988:24-37. 1986;94:382-4. 

~ 


SUPRAESOPHAGEAL COMPLICATIONS OF REFLUX DISEASE 


Supraesophageal Complications of Reflux Disease will be held November 21-23, 1996, in Tucson, Arizona. For further information, 
contact Reza Shaker, MD, MCW Dysphagia Institute, Division of Gastroenterology, Froedtert Memorial Lutheran Hospital, 9200 W 
Wisconsin Ave, Milwaukee, WI 53226; telephone (414) 259-2742; fax (414) 384-8480. 


Q 


EUROPEAN WORKING GROUP ON GENETICS OF HEARING IMPAIRMENT 


The Second HEAR Project Workshop will be held in Milan, Italy, October 11-12, 1996. For further information and submission of 
abstracts, please contact: Alessandro Martini, MD, Professor of Audiology, Servizio di Audiologia, Clinica ORL, Università degli Studi, 
Corso Giovecca 203, I-44100 Ferrara, Italy; telephone: +39 532 295429 or 295341; fax: +39 532 295887; E-mail: mma@ ifeuniv.unife.it 


Ann Otol Rhinol Laryngol 105:1996 


nnn ee 


EVALUATION AND MANAGEMENT OF HEMOPTYSIS IN 
INFANTS AND CHILDREN 


A REPORT OF NINE CASES 
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Hemoptysis is an occasional complication of adult pulmonary disease and is rare in children. The most common causes in adults 
are infection, bronchiectasis, pulmonary neoplasm, cystic fibrosis, pulmonary infarct, and trauma; in children the most common causes 
are infection and congenital abnormalities of the cardiopulmonary vasculature. Nine cases of hemoptysis in seven infants and two 
children will be presented, Two cases were fatal, thus illustrating the importance of rapid and definitive therapy early in the course. One 
of the fatal cases is the first case report in the otolaryngological literature of fatal hemoptysis in the newborn as a result of vascular 
anomalies associated with an absent left pulmonary artery. Eight cases of various causes, including small vessel vascular abnormality, 
trauma, recurrent pulmonary infection, and laryngotracheal papilloma, are discussed. The literature is reviewed, embryology is 
discussed, and a mechanism of death is theorized for the patient with the congenital vessel anomaly. Management considerations for 


hemoptysis in infants and children are discussed. 


KEY WORDS — child, hemoptysis, infant, trauma, vascular anomaly. 


INTRODUCTION 


Hemoptysis is one of the most frightening and 
potentially life-threatening manifestations of car- 
diopulmonary disease. Prompt, aggressive, and thor- 
ough evaluation is necessary, although the search for 
a cause can be tedious and unrewarding. While 
hemoptysis may be the presenting symptom of vari- 
ous infectious pulmonary diseases, other causes must 
be considered. The most common causes of hemo- 
ptysis in adults are infection, bronchiectasis, pulmo- 
nary neoplasm, cystic fibrosis, pulmonary infarct, 
and trauma. In children the most common cause is 
infections, but congenital abnormalities of the car- 
diopulmonary vasculature must be considered. Two 
fatal and seven nonfatal cases of hemoptysis in in- 
fants and children are presented regarding the etiol- 
ogy, diagnostic evaluation, and management of this 
potentially lethal process. The fatal cases will be 
discussed in depth. 


CASE REPORTS 


Case I (Abnormal Pulmonary Vasculature). A 4- 
month-old male infant, product of an uncomplicated 
full-term pregnancy, presented with perioral cyanosis 
at birth. At 3 weeks of age, he developed respiratory 


distress and required oxygen and antibiotics initially. 
He was discharged home with the diagnosis of severe 
atelectasis. One month later he developed significant 
respiratory distress requiring intubation for presumed 
moderate bronchopulmonary dysplasia. On the fifth 
day of hospitalization he had a massive hemoptysis. 
Anemergency laryngoscopy and bronchoscopy were 
performed. The child was found to have a “stove- 
pipe”-type narrowing of the lower third of the trachea 
with a constant flow of blood from the left main stem 
bronchus. This was controlled by selective Fogarty 
balloon catheter tamponade for 10 minutes. The 
infant’s condition was stabilized initially with crys- 
talloids and then a transfusion. An arteriogram re- 
vealed that the major vessels were normal, with no 
bleeding site. However, the study was felt to be 
suboptimal because of a possible thrombosis or inad- 
equate filling or enhancement of the left pulmonary 
artery. The child had a massive pulmonary hemor- 
rhage later that evening and exsanguinated. At au- 
topsy the findings included a hypoplastic left lung, 
absence of the left pulmonary artery, and a large 
bronchial artery arising from the descending aorta, 
providing the blood supply to the left lung. This 
vessel tunneled through the wall of the esophageal 
musculature and entered the left lung at its hilum. 
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SUMMARY OF CASES oo oo 
eth a 
Signs Findings 
and at 
Case Age Sex Symptoms Studies Bronchoscopy Cause Treatment 
3 ly M Acute persistent Chest radiography; Superficial Unknown Topical 1/4% 
- . hemoptysis clotting studies normal; vessels phenylephrine 
purified protein deriva- solution 
a tive test negative 
4 6mo M ‘Acute resolved Chest radiography Not Trauma Observation 
hemoptysis -performed OO 
5 4mo F 2-d history of intermit- Chest radiography, Diffuse Chylamydia Intravenous 
tent hemoptysis, eme- minimal infiltrate at tracheitis trachomatis’ and oral ceph- 
sis, shortness of breath; base; clotting studies pneumonia alosporins 
no fever; white blood normal; computed 
cell count 16.9; 33 tomography scan and 
neutrophils chest normal 
6 2y M 3-d history of intermit- Chest radiography, Not Pneumonia Intravenous 
tent hemoptysis, cough, right middle lobe performed and oral 
irritability; white blood pneumonia cefuroxime 
cell count 19.7; 29 sodium 
neutrophils 
7 2mo F 3-d history of produc- Chest radiography, Pus from Streptococcus Cefuroxime 
tive cough, intermittent right upper lobe both main viridans; Entero- sodium 
hemoptysis; white blood collapse stem bronchi bacter cloacae 
cell count 12.2; 47 neu- pneumonia 
trophils e: 
8 5y M Persistent bleeding at Extensive, ~ Laryngotracheal Potassium ti- 
endoscopy ‘papilloma papilloma tanyl phos- 
a ob od ~ phate laser 
9 12y F Persistent bleeding at Papilloma  Laryngotracheal ` Potassium ti- 
endoscopy at carina ` papilloma tanyl phos- 
phate laser 


Also, the child had complete tracheal rings from the 
middle part of the trachea to the carina and a bridging 
bronchus whose airflow originated from a secondary 
bifurcation from the left main stem bronchus to the 
right lung. Severe abnormalities of the heart, liver, 
and kidneys were also found. 


Case 2 (Facial Fractures). An 8-month-old fe- 
male infant passenger was severely injured in a high- 
speed automobile accident. In the emergency room 
the child was noted to have gross blood coming from 
the mouth and nose and a rapidly enlarging abdomen 
that requiring emergent exploration. During intuba- 
tion, blood was observed arising from the nasophar- 
ynx and subglottic region, The child became hypo- 
volemic and suffered several cardiac arrests during 
the abdominal exploration. Large amounts of blood- 
stained froth were suctioned from the endotracheal 
tube by anesthesia. An intraoperative otolaryngology 
consultation was obtained. By means of a small 
flexible fiberoptic bronchoscope in the endotracheal 
tube, a moderate amount of nonclotting blood was 
visualized coming from the right main stem bron- 
chus. Also, blood was still flowing from the infant’s 
nose and mouth. Digital examination of the mid-face 
revealed multiple facial fractures. A posterior nasal 


pack with a Foley catheter and bilateral anterior 
gauze packs were placed to control the bleeding. The 
child suffered another hypovolemic cardiac arrest at 
the conclusion of the packing and could not be re- 
suscitated, 


The remaining seven cases of hemoptysis are sum- 
marized in the Table, and the various causes and their 
management will be discussed. 


DISCUSSION 


The purpose of this paper is to highlight the diag- 
nostic evaluation and management of various causes 
of hemoptysis in infants and children. The evolving 
role of the laser will be discussed. An excellent 
monologue on hemoptysis in older children was 
written in 1980,! but little is written in the otolar- 
yngology literature on hemoptysis in infants and 
young children. 


Vascular Anomalies. Abnormalities of the tracheo- 
bronchial tree are rare, but can be devastating. A 
literature review found that autopsy showed an inci- 
dence of 0.1% to 2.0%, with the most common 
abnormality of the tracheobronchial tree being an 
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altered takeoff of one of the segmental bronchi.2 


Abnormalities of the pulmonary vessels are un- 
common. The number of reported abnormalities in 
nonautopsy Cases is increasing, owing to the accu- 
racy and frequency of diagnostic imaging studies 
such as arteriography, magnetic resonance imaging, 
and computed tomography scans. Presbitero? re- 
ported pulmonary vascular abnormalities in 12 asymp- 
tomatic children during angiography, which were 
later confirmed at cardiac surgery. The typical vascu- 
lar lesions include stenosis, atresia, and absence of 
the right pulmonary artery. Aberrant origins of the 
pulmonary arteries have been reported by many au- 
thors.4 The absence of the left pulmonary artery is 
rare and is usually reported at autopsy. The major 
vessels supplying the lungs originate from the as- 
cending aorta and occasionally from the descending 
aorta. The bronchial arteries will supply the lungs in 
the presence of pulmonary atresia or severe stenosis. 


Embryologically, the pulmonary artery system 
arises from three loci. The main pulmonary artery 
arises from the truncus arteriosus, with the right and 
left arteries originating from the proximal sixth aortic 
arches; the intrapulmonary arteries arise from the 
primitive lung plexus. Before the major vessels de- 
velop, the lung parenchyma is supplied by small 
transitory branches off the dorsal aorta, which nor- 
mally involute before birth. However, in cases of 
absent pulmonary arteries, these branches enlarge 
and persist as subdiaphragmatic branches, supradia- 
phiacmaue branches, or midthoracic bronchial arter- 
ies.” 


Hemoptysis is associated with tuberculosis, bron- 
chiectasis, or pulmonary neoplasms in adults. Only 
10% of adults with an absent pulmonary artery present 
with hemoptysis.® Death in these patients is theorized 
to be due to rupture of the thin-walled venules in the 
parenchyma that are subjected to the high systemic 
pressure directly from the aorta. Pool et al’ found that 
the bronchial blood flow in these cases can be 25 
times the usual rate. | 


Diagnosis of vascular anomalies requires a high 
index of suspicion. Cogswell and Singh® found that 
most adults with isolated agenesis of a pulmonary 
artery are asymptomatic, but that up to 40% of pa- 
tients may suffer from recurrent pulmonary infec- 
tions. Usually, infants and children are not tachypneic, 
unless they are actively bleeding. Physical findings 
can include an asymmetric thorax, mediastinal shift, 
decreased breath sounds in the affected side, and an 
occasional systolic murmur at the heart base due to 
turbulent flow into the remaining pulmonary artery. 
A ventilation-perfusion scan would reveal intact ven- 


tilation with altered perfusion on the affected lung. 
Pulmonary arteriography will confirm the absence of 
a pulmonary artery. Bronchoscopic findings can be 
normal in cases of minor hemoptysis, but bronchos- 
copy may be useful in localizing the site of bleeding. 


With ultrasonography, the diagnosis may be made 
in the prenatal period. With early detection and a 
higher index of suspicion, an insightful otolaryn- 
gologist and a skillful interventional radiologist and 
thoracic surgeon can make the survival of even the 
smallest neonate with an absent pulmonary artery a 
possibility. Management of unilateral pulmonary 
agenesis is conservative, and hemoptysis is usually 
absent or minor. 


In patients with massive hemoptysis, the first pri- 
ority is to maintain the airway, optimize oxygenation, 
and stabilize the hemodynamic status. Early intubation 
is necessary to secure the airway. An emergent bron- 
choscopy during active bleeding should be performed 
to localize and identify the specific site of hemor- 
rhage. Bleeding may be controlled with topical ther- 
apy, bronchoscopic pressure, or endobronchial tam- 
ponade. If bleeding continues or cannot be localized, 
emergent arteriography is indicated. Bronchial artery 
embolization is an established treatment for massive 
and serious hemoptysis, with good results and ac- 
ceptable morbidity.?.!° 


Emergency surgical intervention for this problem 
should be considered when embolization has failed 
or is not feasible. Various techniques have been uti- 
lized to treat persistent, severe hemoptysis. Methods 
have included pneumonectomy in an adult, reported 
by Mehta et al.2 Pneumonectomy and embolectomy 
were reported in a 10-year-old child by Taguchi et 
al.!! A staged extra-anatomic conduit to deliver low- 
pressure blood to the lung, and interruption of the 
high-pressure vessels were reported in a 14-year-old 
child by Rankin et al.!* Kirkpatrick et al!> succeeded 
with a complete anatomic repair in the treatment of a 
symptomatic 2-month-old in high-output cardiac fail- 
ure. 


Our fourth case reveals that bleeding may occur 
spontaneously from superficially exposed vessels in 
the tracheobronchial tree without a predisposing in- 
fection or trauma. The diagnosis is made with either 
flexible or rigid bronchoscopy, and management is 
dependent on the severity of the hemorrhage. As with 
vascular anomalies, laser coagulation, embolization, 
or even a lobar or entire pneumonectomy may be 
necessary to control the bleeding. Many cases are 
reported without a site or cause ever being found. 
These cases are the most perplexing and potentially 
the most concerning. 
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Trauma. The second and third cases illustrated that 
pulmonary hemorrhage associated with trauma can 
be distracting, but must be placed in the proper 
perspective, during the triage of injuries. Blood com- 
ing from the airway is less worrisome, however, if air 
exchange is adequate; and attention should be turned 
to more immediately life-threatening injuries. 


In children, hemoptysis can occur in posttraumatic 
pulmonary contusion with associated multiple trau- 
ma.!4 True tracheal or bronchial separation or rupture 
is rare and is usually associated with a pneumome- 
diastinum and subcutaneous emphysema. The oto- 
laryngologist should actively participate in the man- 
agement of patients with blood in their airways and 
also assist the primary caregivers in establishing 
priorities for the treatment of other head and neck 
injuries. 

Diagnosis of a tracheal or bronchial injury should 
be made either with a rigid ventilating bronchoscope 
with telescopic capabilities or with a flexible fiberoptic 
bronchoscope. The latter may be dangerous because 
of the inability to ventilate effectively against resis- 
tance and the difficulty inremoving largeclots through 
the small suction lumens or small endotracheal tubes 
used in infants, 


Surgical intervention is indicated for rare cases of 
massive hemorrhage. The argon and potassium titanyl 
phosphate lasers offer hemostatic capabilities that 
should be considered. The application of phenyleph- 
rine hydrochloride through the ventilating broncho- 
scope is a last resort if lasers are not available. 
Unilateral life-threatening hemorrhage can be man- 
aged by tamponade with a small 1-mL Fogarty cath- 
eter, which can hold several milliliters of air. 


Infectious Disease. The fifth, sixth, and seventh 
cases illustrate that tracheobronchial or pneumonic 
infection is a significant cause of hemoptysis and 
accounted for 29% of our cases. Infection caused by 


bacteria, fungi, flukes (in adults), or viruses has been 
reported to cause hemoptysis. The infectious process 
can be primarily located in the larynx, trachea, bron- 
chi, or pulmonary parenchyma. Tuberculosis is the 
most common offender in adults, but Chlamydia _ 
trachomatis is only one of many organisms that can 
cause pulmonary infection in children. 


Diagnosis is best made by bronchoscopy and bron- 
chial lavage. Biopsy is usually required for Pneu- 
mocystis carinii infection. This can be obtained with 
either a flexible or rigid endoscope. Appropriate 
cultures from sputum, gastric aspirate, and stool are 
also indicated. Management involves appropriate 
antibiotic or antifungal medications, pulmonary toi- 
let, humidification, and aerosol treatments. 


Laryngeal and Tracheal Papillomas. The eight 
and ninth cases are included to demonstrate that 
hemorrhage from juvenile laryngeal papillomatosis 
can be effectively managed with the potassium titanyl 
phosphate laser in children. In an infant the limiting 
factor may be the diameter of the airway. As technol- 
ogy improves and miniaturization of laser fibers 
progresses, size may be only a temporary limitation 
to its use. . 


CONCLUSION 


Hemorrhage into the infant airway is a frightening 
and potentially lethal event. The differential diagno- 
sis in children includes cardiopulmonary vascular 
malformations, bronchiectasis, cystic fibrosis, trauma, 
papilloma, polyps, vasculitis, idiopathic pulmonary 
hemosiderosis, and infection. The most perplexing 
and disconcerting cases are the idiopathic ones. The 
fatal consequences of misdiagnosis in vascular and 
traumatic lesions have been demonstrated by the two 
illustrated cases. It is hoped that these case reports 
will heighten the index of suspicion of physicians and 
increase survival in these patients. 
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PEDIATRIC OTORHINOLARYNGOLOGY ENDOSCOPY DAYS 


The First International Days in Pediatric Otorhinolaryngology Endoscopy will be held in Lyon, France, October 14-15, 1996. For 
further information, contact Marie-Claude Duchez, Departement d’ORL et de Chirurgie Cervico-Faciale, Hôpital E. Herriot, Place 
d’Arsonval, 69003 Lyon, France; fax 33 72 11 05 34. 
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INNER EAR MEDICINE AND SURGERY 


The Sixth Symposium and Workshops on Inner Ear Medicine and Surgery, combined with the Prosper Meniere Society Annual 
Winter Meeting, will be held in Aspen/Snowmass, Colorado, March 22-29, 1997. For further information, contact Prosper Meniere 
Society, c/o Jane Wells, Meeting Coordinator, 300 E Hampden Ave, Suite 401, Englewood, CO 801 10; telephone (303) 788-4235; fax 
(303) 788-4234. 
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REPEATEDLY SUCCESSFUL CLOSURE OF THE LARYNX FOR THE 
TREATMENT OF CHRONIC ASPIRATION WITH THE USE OF 
BOTULINUM TOXIN A 
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COLOGNE, GERMANY 
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Botulinum toxin A was used preoperatively to temporarily paralyze the intrinsic laryngeal muscles to hinder movements during the 
healing period after operation. In addition, toxin was injected into the cricopharyngeal muscle to allow a better passive drainage of the 
saliva into the esophagus. We treated six patients. Three suffered from chronic aspiration problems after multiple lower cranial nerve 
lesions, and three patients were apallic (after stroke and major brain injury). Two weeks before scheduled operation, we injected the toxin 
into the posterior cncoarytenoid muscles, the aryepiglottic muscles, and the vocalis muscle on both sides, as well as the cricopharyngeal 
muscle. The amount of injected toxin varied between 1.0 and 1.4 mL, equal to 200 to 280 units of botulinum toxin A (Dysport). After 
a complete palsy of these muscles (controlled by direct electromyography), a closure of the larynx was performed. After laminotomy 
and exposure of the intralaryngeal structures, the false vocal cords were mobilized and adapted with sutures. Because involuntary 
movements of the intralaryngeal musculature were absent, primary healing without complications occurred in all cases. Aspiration and 
related complications disappeared in all patients. In addition, the intensity of patient care could be considerably reduced. Preoperative 
use of botulinum toxin A allows sufficient laryngeal closure. This procedure is especially useful in the treatment of children and young 
adults, preserving the ability of later speech rehabilitation because of the return of voluntary movements of the intrinsic laryngeal muscles 
6 months after the injection. Furthermore, this technique, as minimal surgical intervention, can be performed in high-risk patients. 


KEY WORDS — botulinum toxin A, chronic aspiration, dysphagia, electromyography, laryngectomy, operative treatment. 


INTRODUCTION 


Sphincter insufficiency of the larynx, often caused 
by neurologic disorders, leads to continuous aspira- 
tion with life-threatening consequences. In the treat- 
ment of aspiration a variety of surgical techniques 
and conservative physiotherapy have been employed 
with various degrees of success.!-6 


The goal of successful surgical treatment is the 
separation of the airway and the digestive tract. The 
most effective treatment is laryngectomy, with irre- 
versible consequences. Therefore, surgical techniques 
that separate the tracheobronchial system from the 
digestive tract and simultaneously preserve the lar- 
ynx are preferable, ”-!! 


Tracheoesophageal division and laryngotracheal 
separation with a temporary opening of the hypo- 
pharynx and esophagus lead to numerous complica- 
tions such as salivary fistula and wound healing 
problems.!* The success rate of such techniques as 
epiglottopexy and closure of the larynx depends on 
the extent of the palsy of the swallowing muscles: in 
patients with bilateral palsy, closure of the larynx is 


usually successful, but in patients with central swal- 
lowing disorders and discoordinated function of the 
caudocranial nerves with active aspiration, this tech- 
nique often fails because of strong voluntary move- 
ments.!3-16 Ineffective and repeated swallowing tri- 
als with strong movements in the glottic area cause 
suture insufficiency with recurrent aspiration. In ad- 
dition, closure at the level of the glottis leads to the 
development of scar tissue at the vocal cords.17-19 


It was previously shown that botulinum toxin A is 
avery potent drug for treating various dyskinesias in 
otorhinolaryngology.2°-22 The injection of botuli- 
num toxin A causes a reversible palsy of the treated 
muscle by strong and rapid binding to presynaptic 
cholinergic nerve terminals and inhibition of the 
release of acetylcholine (chemical denervation). The 
clinical effect of botulinum toxin is temporary, last- 
ing up to 6 months, and due primarily to its action at 
the neuromuscular junction. 


Therefore, we used this paralyzing effect to hinder 
and suppress spontaneous swallowing movements 
during the postoperative period of larynx closure and 
to facilitate wound healing. 


From the Department of Otorhinolaryngology, University of Innsbruck, Innsbruck, Austria (Pototschnig, Thumfart), and the Department of 
Otorhinolaryngology, University of Cologne, Cologne, Germany (Schneider, Eckel). 


Presented at the meeting of the American Broncho-Esophagological Association, Palm Desert, California, May 2-4, 1995. 
REPRINTS — Claus A. Pototschnig, MD, Dept of Otorhinolaryngology, University of Innsbruck, Anichstrasse 35, A-6020 Innsbruck, Austria. 
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SUMMARY OF PATIENT DATA 











Aspiration Nursing 
Pt Age Sex Basic Disease Apallic Pneumonia Tracheostomy Intensity 
l 57 F Endocranial tumor No Severe Yes Medium 
operation, multiple 
cranial nerve lesions 
2 76 M Severe stroke No Severe Yes High 
3 42 M Severe stroke Yes Severe Yes 
4 32 F Accident, brain Yes Severe, Yes High 
injury multiple 
5 10 M Accident, asphyxia Yes Severe, Yes Extremely 
multiple high 
6 18 M War victim (Bosnia), No Severe, Yes Extremely 
brain injury multiple high 
METHODS critical situation (see Table). 


Patients. There was a total of six patients, four 
male and two female, between 10 and 76 years of age. 
All patients suffered from severe chronic aspiration 
caused by stroke, severe head injury, cranial tumor 
resection, or hypoxic trauma after drowning, leading 
to multiple dysfunctions and palsies with complex 
dyscoordination and aspiration during swallowing. 
Three patients were apallic. 


Patient care was very demanding, and all patients 
had recurrent aspiration pneumonia. For example, we 
treated a 10-year-old boy with extensive hypersaliva- 
tion, which made almost continuous suction of the 
saliva in the trachea necessary. All non-apallic pa- 
tients were unable to talk because of multiple cranial 
nerve lesions. 


Despite extensive physical therapy to improve 
swallowing, none of the patients showed persistent 
improvement of swallowing within up to 3 years. 
Therefore, the indication for surgical treatment was 
determined. 


Laryngectomy was refused by two patients and 
could not be performed in one patient because of his 
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Fig 1. Areas of injection (©) with 20 to 30 units Dysport 
(Speywood), showing vocal cords, posterior cricoaryte- 
noid muscle, lateral thyroarytenoid muscle, and cricopha- 
ryngeal muscle. 


Technique. As an initial intervention, an epitheli- 
alized tracheostomy was performed to prevent fur- 
ther aspiration of the saliva by blocking the tube or 
placement of a surrounded cannula!® or a laryngeal 
obturator.*3 All of these techniques are only of tem- 
porary help because of the high risk of infection and 
damage to the trachea in the area surrounding the 
block. 


In order to suppress any contractions of the laryn- 
geal musculature, botulinum toxin A was injected 
during microlaryngoscopy under general anesthesia 
2 weeks before the scheduled closure of the larynx. 
Botulinum toxin A was obtained from the Speywood 
Company (Dysport). The lyophilized drug was di- 
luted with 2.5 mL 0.9% sodium chloride, equivalent 
to 20 units per 0.1 mL. 


Botulinum toxin A was injected bilaterally into the 
following muscles: posterior cricoarytenoid, aryepi- 
glottic, medial thyroarytenoid (vocalis), and lateral 
thyroarytenoid. To accomplish complete palsy of the 
larynx musculature, each muscle was injected with 





Fig 2. Intraoperative electromyography using bipolar 
hooked-wire electrodes. 
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Fig 3. Intraoperative site exposing vocal cords and false 
vocal cords, with posterior-anterior suture. 


20 to 30 units of botulinum toxin A (Fig 1). 


We have previously shown“ that the injection of 
botulinum toxin A into the upper esophageal sphinc- 
ter prevents aspiration in some cases. The denerva- 
tion of the cricopharyngeal muscle facilitates passive 
flow of saliva and the food bolus into the esophagus. 
Therefore, all patients received botulinum toxin A 
injected into the cricopharyngeal muscle at three 
sites. The total dose for complete palsy was 80 to 100 
units. 


On the day of operation, the completeness of the 
palsy was checked by intraoperative electromyogra- 
phy (Fig 2).2425 After documentation of spontaneous 
activity in the treated muscles, a closure of the larynx 
as described by Denecke!’ was performed with the 
following modifications: after laminotomy and ex- 
posure of the intralaryngeal structures, the false vocal 
cords were mobilized and adapted with sutures (Figs 
3 and 4). 

RESULTS 


All of our treated patients showed excellent wound 


Fig 4. Sketches of intraoperative site. A) Inci- 
sion in sinus of Morgagni. B) Posterior-anterior 
suture of false vocal cords. 


healing. Five of six patients had a sufficient, com- 
plete closure of the larynx. Only the 76-year-old 
patient suffered a very thin fistula of the posterior 
commissure, detected by a swallowing test with 
methylene blue solution. 


In all patients, aspiration was completely inhib- 
ited, and the nursing intensity could be reduced. In the 
10-year-old boy, hypersalivation occurred 6 months 
after operation, despite the use of anticholinergic 
agents. This could be explained by the diminishing 
effect of botulinum toxin A in the cricopharyngeal 
muscle, causing an accumulation of saliva; a rein- 
jection of this area is planned. 


A reopening of the larynx could not be performed 
in any of our patients, because the underlying disor- 
ders had not changed considerably. 


The 32-year-old woman died of multiple organ 
failure 1 year after laryngeal closure. 


CONCLUSION 


Preoperative localized injections of botulinum tox- 
in A into the intrinsic laryngeal musculature leads to 
a complete paralysis of this musculature and there- 
fore hinders voluntary movements during the healing 
period after operation. By this method the rate of 
sufficient laryngeal closure could be increased enor- 
mously. Concomitant injection into the upper esopha- 
geal sphincter allows a better passive drainage of 
saliva into the esophagus, and additionally prevents 
high pressure to the larynx. 


This procedure is especially useful for the treat- 
ment of children and young adults, preserving the 
ability for later speech rehabilitation because of the 
reversibility of the paralyzing elfect of botulinum 
toxin A on the laryngeal musculature and the gentle 
operative technique. Furthermore, this technique, as 
minimal surgical intervention, can also be performed 
in high-risk patients. The time for patient care could 
be considerably reduced. 
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IMMUNOHISTOCHEMICAL CHARACTERIZATION OF BENIGN 
LARYNGEAL LESIONS 


JACK A..SHOHET, MD 
ROBERT H. OSSOFF, DMD, MD 


MARK S. COUREY, MD 
MARGIE A. SCOTT, MD 


NASHVILLE, TENNESSEE 


It has been proposed that laryngeal nodules and polyps represent injury to the basement membrane zone of the vocal fold. Repeated 
trauma from shearing forces produced by excessive or abusive phonation leads to basement membrane zone disruption and thickening. 
This thickening, along with poorly understood vascular changes, creates the characteristic clinical appearance of the vocal nodule or 
polyp. As such, to better understand vocal fold nodules it is imperative to characterize the extracellular matrix in this area of injury. 
Secondary to the small size and relatively acellular nature of these lesions, hematoxylin and eosin (H & E) preparations of histologic 
material are unsatisfying. A previous study examined this area with immunohistochemical techniques to better characterize its contents. 
` The report, however, contained little information with regard to the clinical appearance of the lesions prior to excision. Therefore, we 
were prompted to review histologic material from 31 patients who underwent microsurgical excision of 41 benign lesions, vocal nodules 
(4), polyps (19), polypoid corditis (4), and cysts (14) with immunohistochemical techniques to characterize the patterns of fibronectin 
and collagen type IV within these lesions. Normal human vocal folds were stained for control. All material was correlated with the H 
& E preparations and the clinical diagnosis. Collagen type IV and fibronectin appeared present in relatively abnormal patterns in the areas 
adjacent to the lesion. This study validates earlier results. In addition, correlation with clinical data allows association of immunchis- 
tochemical staining patterns with clinical diagnosis. 


KEY WORDS — basement membrane zone, benign laryngeal lesions, collagen, cyst, f ibronectin, immunohistochemistry, nodule, 


polyp, vocal fold. 


INTRODUCTION 


Through the work of Hirano and Kakita! and 
others, a greater understanding of the ultrastructure 
of the lamina propria and the basement membrane 
zone (BMZ) of the human vocal fold has been at- 
tained. This area is composed of sparse cellular 
material interposed with an extracellular matrix. This 
extracellular matrix is presumed responsible for the 
vibratory characteristics of the vocal fold. As such, 
changes in the extracellular matrix secondary to 
injury could have an important effect on vocal fold 
vibratory characteristics. 


Because the lamina propria of the vocal fold is 
relatively acellular, study by means of hematoxylin 
and eosin (H & E) analysis has yielded limited 
information. Therefore, it has been necessary to ex- 
amine this tissue by other means such as electron 
microscopy and immunohistochemical analysis.? 
Likewise, non-neoplastic lesions of the human vocal 
fold, which involve the extracellular matrix almost 
exclusively, are poorly understood on a histologic 
basis. These lesions, which represent a response of 
the human vocal fold, more specifically the lamina 
propria and BMZ, to trauma,’ are relatively acellular. 


Analysis with H & E provides minimal information 
regarding the pathologic process. It is hoped that a 
more accurate analysis of the histopathology of these 
non-neoplastic diseases will provide a better under- 
standing of the disease process and therefore improve 
future treatment methods. 


In a recent study by Gray et al,* the pathologic 
response of the BMZ and the lamina propria to injury 
was evaluated by immunohistochemical methods. 
These authors studied archival material removed 
from human vocal folds. Because the subject material 
was archival, the authors were not able to correlate 
their findings precisely with the clinical diagnosis. 
Therefore, they were limited in their ability to make 
conclusions comparing the histologic responses to 
the clinical diagnosis. The present study was under- 
taken to verify their findings and to correlate known 
clinical diagnosis with histologic findings. 


METHODS 


Surgical specimens were obtained from Vanderbilt 
University Medical Center Department of Pathol- 
ogy. All specimens had been surgically excised by 
two of the authors (R.H.O. and M.S.C.) between 
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SPECIMEN DATA 
Basement Membrane 
Width (um) Decreased 
Specimen Patient Clinical Collagen Collagen Laminar Vascular 
No. No. Diagnosis IV Fibronectin IV Fibronectin Cuffing 
1 1 Nodule 2.0 2.0 No Yes No 
2 2 Nodule 0.5 1.0 No Yes No 
3 2 Nodule 2.0 2.0 No Yes No 
4 3 Nodule 3.0 1.5 No No No 
5 4 Polyp 0.5 0.5 Yes No No 
6 5 Polyp 0.5 1.0 Yes Yes Yes 
7 5 Polyp 1.0 1.5 Yes Yes Yes 
8 6 Polyp 0.5 0.5 Yes Yes Yes 
9 7 Polyp 1.0 1.0 Yes Yes Yes 
10 8 Polyp 1.0 1.0 Yes No Yes 
11 9 Polyp 0.5 1.0 Yes Yes Yes 
12 10 Polyp 1.0 1.0 Yes Yes Yes 
13 il Polyp 0.5 1.0 Yes Yes No 
14 12 Polyp 1.0 1.0 No Yes Yes 
15 13 Polyp ES 2.0 No Yes Yes 
16 14 Polyp 0.5 1.0 Yes Yes No 
17 15 Polyp 2.0 5.0 No No No 
18 16 Polyp 0.5 0.5 Yes No Yes 
19 17 Polyp 0.5 0.5 Yes Yes No 
20 18 Polyp 0.5 0.5 Yes Yes Yes 
21 19 Polyp 0.5 0.5 Yes Yes Yes 
22 20 Polyp 0.5 1.0 Yes Yes No 
23 20 Polyp 2.0 2.5 Yes Yes Yes 
24 20 Squamous 0.5 0.5 Yes Yes No 
cyst 
25 20 Squamous 0.5 0.5 Yes Yes Yes 
cyst 
26 21 Squamous 0.5 1.0 Yes Yes No 
cyst 
27 21 Squamous 0.5 0.5 Yes Yes No 
cyst 
28 22 Mucous cyst 0.5 0.5 No Yes No 
29 23 Squamous 5.0 5.0 No No No 
cyst 
30 24 Squamous 1.0 15 No Yes No 
cyst 
31 24 Squamous 1.0 1.0 No Yes Yes 
cyst 
32 25 Mucous cyst 1.0 1.0 Yes No No 
33 26 Mucous cyst 0.5 0.5 No Yes No 
34 27 Mucous cyst 2.0 2.5 Yes No No 
35 28 Mucous cyst 0.5 0.5 Yes No No 
36 27 Mucous cyst 0.5 0.5 No Yes No 
37 28 Mucous cyst 0.5 0.5 Yes Yes Yes 
38 29 Polypoid 1.0 1.0 No Yes Yes 
corditis 
39 29 Polypoid 0.5 0.5 Yes No No 
corditis 
40 30 Polypoid 1.0 1.0 Yes Yes Yes 
corditis 
41 31 Polypoid 0.5 0.5 No No No 


corditis 
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Fig 1. Control specimens (original x25). A) On 
collagen type IV staining, note thin marking of 
basement membrane zone (BMZ) of surface 
epithelium. This is represented by thin, dark line 
immediately deep to basal layer of cells of 
epithelium. B) Fibronectin staining exhibits lami- 
nar pattern with more intense staining near BMZ 
and then reduction of staining through deeper 
portion of lamina propria. Fibronectin uptake is 
represented in this staining technique by fine 
fibrillar marking pattern. In these photographs 
fibronectin appears as shades of gray. 


1991 and 1994. At the time of excision, specimens 
were formalin-fixed, paraffin-embedded, cut into 4- 
um-thick sections, and mounted on glass slides. Pre- 
vious H & E analyses were reviewed. Only speci- 
mens that contained an intact epithelial surface, BMZ, 
and superficial portion of the lamina propria were 
subjected to further analysis. The clinical diagnosis 
was obtained by reviewing the preoperative strobo- 
scopic findings, clinical notes, preoperative photo- 
graphs, and intraoperative findings dictated by the 
surgeon at the time of excision. 


Specimens with the diagnosis of nodule, polyp, 
polypoid corditis, and cyst were included for analy- 
sis. Lesions were diagnosed as nodules only if they 
were bilateral, were located at the middle third of the 
membranous vocal fold, and did not respond to a 3- 
month vocal abuse reduction program. Polyps were 
either sessile or pedunculated and clinically had 
either an angiomatous or myxoid appearance. Le- 





sions were diagnosed as polypoid corditis only if they 
involved the entire membranous vocal fold. Finally, 
lesions were diagnosed as cysts if preoperative stro- 
boscopic examination revealed a reduced or absent 
mucosal wave and the excised lesion revealed a true 
epithelial lining on histologic examination. 


Immunohistochemical analysis was undertaken 
with monoclonal antibodies directed against fibro- 
nectin and collagen type IV (Dako Corp, Carpinteria, 
Calif). A peroxidase-antiperoxidase technique was 
used. Analysis was performed in three separate runs 
on a BioTek Techmare 1000. Protease digestion was 
not required. Primary antibody dilutions of 1 to 50 
and 1 to 8,000 were employed for collagen type IV 
and fibronectin, respectively. 


Control specimens were obtained from autopsy 
material from 4 normal human larynges. The age 
range was from 12 to 65. The control subjects had 
died of unrelated causes and without a history of 
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prolonged intubation. These were processed in the 
same manner as our subject material and stained 
simultaneously with each separate run. In addition, 
the normal portion of a vocal fold from a patient 
undergoing laryngectomy for carcinoma was used as 
a control. 


RESULTS 


Forty-one separate specimens from 31 patients 
provided sufficient material for analysis. These in- 
cluded 4 clinically diagnosed nodules, 19 polyps, 4 
specimens with polypoid corditis, and 14 specimens 
with true vocal fold cysts (see Table). 


The laryngeal control specimens all had a BMZ 
width of 0.5 um or less on both collagen type IV and 
fibronectin staining. Collagen type IV uptake was 
similar in the BMZ of the covering epithelium and in 
the BMZ of the vasculature. Fibronectin staining was 
more intense in the immediate superficial lamina 


Fig 2. Clinical nodules (original x25). A) Colla- 
gen type IV staining demonstrates thickening in 
BMZ, which is represented by broader marking 
of collagen type IV. B) Same specimen. Fibro- 
nectin staining is also more intense in immediate 
BMZ zone. 


propria and then became less intense through the 
deeper layers of the lamina propria in a graded, or 
laminar, fashion (Fig 1). 


Specimens with the clinical diagnosis of nodule 
showed an average BMZ thickness of 1.88 um (range 
0.5 to 3.0 um) on collagen type IV staining and 1.63 
um (range 0.5 to 2.0 um) on fibronectin staining. All 
epithelial BMZs marked intensely. When compared 
to the control specimen, fibronectin staining patterns 
in these specimens were also more intense. In 1 of the 
4 nodule specimens, fibronectin had lost its normal 
laminar pattern. In addition, 2 of the 4 specimens had 
a particularly dense pattern of fibronectin deposition. 


There was no increased vascularity in these 4 lesions 
(Fig 2). 


Specimens with the clinical diagnosis of polyp had 
an average BMZ thickness of 0.84 um (range 0.5 to 
2.0 um) on collagen type IV staining and 1.21 um 
(range 0.5 to 5.0 um) on fibronectin staining. With 3 
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Fig 3. Clinical polyps (original x4). A) Collagen 
type IV staining demonstrates decreased mark- 
ing of BMZ. Collagen type IV marking is actu- 
ally absent in portions of lining epithelium. B) 
Same specimen. Fibronectin staining has lost its 
laminar distribution. It is clustered in nodular 
pattern around neovascularity. 


exceptions, collagen type IV staining demonstrated a 
BMZ width of 1 um or less. The mode for this group 
was 0.5 um (11 of 19). In 16 of these 19 specimens, 
the BMZ lining the surface epithelium seemed to take 
up antibodies to collagen type IV less intensely than 
the BMZ lining the vasculature. With regard to fibro- 
nectin uptake, in 15 of the 19 specimens, fibronectin 
maintained its general laminar distribution through- 
out the lamina propria. However, large clusters of 
angiomatous-appearing vessels frequently (13 of the 
19 specimens) interrupted this laminar pattern, giv- 
ing the impression of increased fibronectin uptake 
(Fig 3). 


Fourteen vocal folds contained clinically diag- 
nosed cysts of either the mucous retention type (n = 
7) or the squamous inclusion type: (n-= 7). The 
characteristics regarding the immunohistochemical 
analysis were similar; therefore, they will be dis- 
cussed as one group. The average BMZ thickness of 





the cyst lining was 1.04 um on collagen type IV 
staining and 1.14 um on fibronectin staining. With 2 
exceptions, 1 inclusion and 1 mucous retention cyst, 
collagen type IV staining demonstrated a BMZ width 
of 1.0 um or less. The mode for this group was 0.5 um 
(9 of 14). In 8 of these 14 specimens, the BMZ lining 
the cyst epithelium stained less intensely for collagen 
type IV than did the BMZ surrounding the vascula- 
ture. With regard to fibronectin uptake, in 10 of the 14 
specimens fibronectin maintained a general laminar 
distribution throughout the surrounding lamina pro- 
pria. Only 3 specimens had associated increased 
vasculature that interrupted the normal laminar dis- 
tribution of fibronectin (Fig 4). 


Four specimens were clinically diagnosed as pol- 
ypoid corditis. Collagen type IV and fibronectin 
staining revealed an average BMZ width of 0.75 um. 
Two had a BMZ width of 0.5 um and 2 had a BMZ 
width of 1.0 um. Collagen type IV uptake was re- 
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duced in the BMZ of the surface epithelium when 
compared with collagen type IV uptake in the BMZ 
of the surrounding vasculature in 2 of the 4 speci- 
mens. Regarding fibronectin distribution, in 2 of the 
4 specimens fibronectin maintained a general lami- 
nar distribution that was interrupted by the nodular 
increased uptake surrounding angiomatous clusters 
of vessels. 


DISCUSSION 


Non-neoplastic vocal fold lesions are presumed to 
represent a response of the vocal fold to trauma. The 
exact cause of these lesions and their treatment is 
poorly understood. Currently, vocal use modification 
with surgical excision for nonresponding lesions 
offers the most satisfactory results. However, a 
better understanding of the extracellular matrix of the 
lamina propria, and the precise localization of the 
pathologic response, may lead to improved forms of 
therapy. 





Fig 4. Mucous retention cysts. A) Of true vocal 
fold, removed by endoscopic microflap proce- 
dure with sparing of normal overlying vocal fold 
mucosa (original x4). This is low columnar or 
cuboidal lining. Collagen type IV uptake is 
present in BMZ of cyst epithelium. B) Same 
specimen (original x25). Fibronectin staining 
maintains laminar distribution in tissue surround- 
ing vocal fold cyst. 


Collagen type IV and fibronectin are produced by 
fibroblasts and secreted into the extracellular matrix 
of human tissues. Fibronectin is a high—molecular 
weight glycoprotein involved in cell-to-cell adhe- 
sion, cell-to-substrate adhesion, migration and dif- 
ferentiation of cells, maintenance of cellular struc- 
ture, and blood clotting. As such, fibronectin is in- 
volved intimately in tissue response to injury and is 
found in increased concentration in healing and pre- 
viously injured tissue.®’ Therefore, fibronectin should 
be found in higher concentrations in vocal fold nod- 
ules and polyps, which represent a response of vocal 
folds to trauma. 


Collagen type IV is a supporting substance of both 
epithelial and endothelial basement membranes. It 
has been localized exclusively to the lamina densa of 
the BMZ. This layer is normally 0.02 to 0.30 um in 
width.’ Previous experiments with hyperphonated 
vocal folds demonstrated widening of the BMZ in 
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response to acute injury.* Therefore, in mature vocal 
fold lesions the BMZ may or may not be widened. 
Because of its localization to the lamina densa, colla- 
gen type IV serves as a good indicator of BMZ width. 


Examination of our immunohistochemical stain- 
ing results leads to several observations. First, speci- 
mens clinically diagnosed as nodules more com- 
monly have a thickened BMZ and dense fibronectin 
arrangement when compared with lesions clinically 
labeled as polyps. These findings are consistent with 
current theories that nodules represent a response to 
repeated trauma that leads to BMZ thickening and a 
disordered fibronectin pattern secondary to attempted 
wound healing. Second, lesions clinically diagnosed 
as polyps more commonly exhibit an unaltered BMZ 
width, with fibronectin deposition clustered around 
the neovascularity. In addition, in the majority of 
lesions (16 of 19) clinically diagnosed as polyps, 
collagen type IV stained less intensely in the BMZ of 
the surface epithelium than it did in the BMZ of the 
neovasculature. Perhaps this relative lack of collagen 
type IV leads to weakening of the BMZ and predis- 
poses to polyp formation. Third, these same findings 
were also present in 2 of the 4 specimens with 
polypoid corditis. The insufficient number of speci- 
mens in the polypoid corditis group, however, pre- 
cludes further observations in this pathologic type of 
injury. Finally, lesions clinically diagnosed as cysts, 
either squamous inclusion or mucous retention, which 
may arise from vocal fold trauma or be associated 
with increased trauma secondary to their interruption 
of the glottic vibratory cycle, seem to have a BMZ 


thickness somewhere between that of polyps and that 
of nodules. Fibronectin appears to maintain a normal 
surrounding distribution. 


CONCLUSIONS 


The extracellular matrix of the human lamina 
propria is believed to be responsible for characteris- 
tics of vocal fold vibration. Nodules, polyps, and 
cysts may result from repeated trauma to this region 
and represent changes within the extracellular ma- 
trix. These changes disrupt the normal vibratory 
pattern of the human vocal fold and resultin dysphonia. 
A better understanding of these pathologic changes 
may lead to more effective treatment regimens. 


There are two basic patterns of injury that appear 
to correlate strongly with current clinical classifica- 
tion systems. First, lesions clinically diagnosed as 
nodules have an increased BMZ thickness, as well as 
disordered and more dense arrangement of fibronectin 
throughout the lamina propria. Second, lesions clini- 
cally diagnosed as polyps tend to have a more normal 
BMZ width. Fibronectin in these lesions 1s clustered 
around the neovasculature. Cystic lesions demon- 
strate yet a third pattern of response to injury. This 
pattern exhibits greater variability than the first two 
patterns. It is characterized by a normal or slightly 
thickened BMZ and a normal distribution of fibro- 
nectin within the lamina propria. These findings 
correlate with earlier published results and add to our 
understanding of benign pathologic responses of the 


larynx. 
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ACUTE AIRWAY OBSTRUCTION IN THE HOSPITALIZED INFANT: 
FOUR HARD LESSONS IN THE DISTAL TRACHEA 


GLENN ISAACSON, MD 
PHILADELPHIA, PENNSYLVANIA 


Acute obstructing lesions of the distal (lower) trachea present a unique challenge to the pediatric otolaryngologist. The small caliber 
of the airway and tenuous medical status of such patients test the ingenuity of the surgeon and the limits of instrumentation. This report 
presents the operative findings and management of four hospitalized infants with worsening respiratory distress. Difficulties encountered 
in maintaining airway control while diagnosing and correcting these lesions are described. 


KEY WORDS — balloon catheter, extracorporeal membrane oxygenation, high-frequency jet ventilation, necrotizing tracheo- 
bronchitis, rigid bronchoscopy, tracheal obstruction, tracheal stenosis. 


INTRODUCTION 


The distal (lower) trachea remains a treacherous 
area for surgical manipulation, especially in the small 
airway of an infant. Advances in the resuscitation and 
support of premature infants have permitted the sur- 
vival of ever smaller and less developed children. 
The use of surfactant, high-frequency jet ventilation 
(HFJV), and extracorporeal membrane oxygenation 
(ECMO) allow children born 3 months before term to 
survive. Long periods of endotracheal intubation, 
airway desiccation, and suction catheter trauma can 
lead to acute obstructing lesions of the distal trachea. 
This article will describe four difficult airway prob- 
lems in critically ill infants, the endoscopic manage- 
ment of each, and the lessons learned from the crises. 


CASE REPORTS 


CASE 1: TRACHEAL OBSTRUCTION WHILE ON HIGH- 
FREQUENCY VENTILATION 


The patient was the 1,250-g, 28-week product of a 
pregnancy complicated by preterm labor and rupture 
of membranes. Respiratory distress ensued and he 
could not be supported by conventional ventilation 
with 100% oxygen. High-frequency jet ventilation 
was begun. After 72 hours of successful ventilation, 
the servo pressure of the ventilator began to fall, 
indicating distal obstruction. Adequate ventilation 
could not be maintained despite vigorous suctioning 
and a change of endotracheal tubes. He was returned 
to conventional ventilation with 100% oxygen and 
high peak pressures. Despite forceful ventilation with 
an Ambu bag, oxygenation could not be maintained. 
The pediatric otolaryngology service was consulted 


emergently. Bedside rigid bronchoscopy with a 2.5 
Jackson size, rigid rod bronchoscope revealed near- 
complete plugging of the distal trachea by hard mu- 
cous crusts. Direct suctioning, lavage, and the use of 
side-channel forceps failed to clear the tracheal ob- 
struction. Under apneic anesthesia, the larynx was 
exposed with a Parsons laryngoscope and optical 
peanut forceps were passed into the trachea un- 
sheathed. The obstructing plug was removed and the 
patient was reintubated and successfully ventilated 
mechanically on 100% oxygen. 


Discussion. High-frequency jet ventilation has 
evolved in the last decade, to become an important 
alternative technique for the mechanical ventilation 
of children with respiratory distress syndrome. It 
employs high flow rates, making adequate humidifi- 
cation of inspired gases more difficult than with 
conventional techniques. Desiccation may lead to the 
formation of obstructing crusts that are firmly fixed 
to the tracheal wall.!:2 Prolonged use of HFJV has 
been associated with acute inflammation of the tra- 
cheal wall near the tip of the endotracheal tube. This 
inflammation may result in loss of intraepithelial 
mucus and of surface cilia. In extreme cases, necrosis 
of epithelium can lead to extensive sloughing, airway 
obstruction, and death (necrotizing tracheobronchi- 
tis).?4 Falling servo pressure during HFJV is an early 
indicator that distal obstruction is occurring. Prompt 
bronchoscopic removal of crusts or epithelial debris 
can be lifesaving. Unfortunately, available optical 
forceps are too large to fit through bronchoscopes of 
less than 3.0 Jackson size. The use of naked optical 
forceps with apneic technique circumvents this con- 
straint, 
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CASE 2: SUBGLOTTIC VERSUS TRACHEAL STENOSIS 


The patient was a 3-week-old girl, the full-term 
product of an uncomplicated vaginal delivery. She 
was noted to have inspiratory stridor at birth that 
worsened with agitation and feeding. She was admit- 
ted to the hospital and subsequently suffered two 
witnessed apneic episodes with cyanosis, one event 
. associated with seizure activity. Plain radiographs of 
the neck and chest were interpreted as showing a long 
tracheal stenosis. A bronchogram was deemed un- 
safe, given her tenuous airway. After consultation 
with the cardiothoracic surgery service, it was de- 
cided to place the child on ECMO prior to bronchos- 
copy. This was intended to provide safe conditions 
for evaluation of the extent of the tracheal narrowing, 
and to allow immediate surgical correction. Under 
mask anesthesia, cervical cannulas were placed and 
ECMO was begun. The airway was visualized with a 
2.5 Jackson size bronchoscope. The laryngeal and 
tracheal mucosa bled easily because of hepariniza- 
tion. A moderate subglottic stenosis was identified. 
There was no tracheal stenosis. A tracheotomy was 
performed. 


Discussion. Congenital tracheal stenosis contin- 
ues to carry a significant mortality despite improve- 
ments in surgical management.° Diagnostic workup, 
timing, and choice of surgical procedure remain 
controversial. While plain radiographs can suggest 
tracheal stenosis, they may be deceptive in a very 
young child with a flexible trachea and surrounding 
soft tissues.’ In the stable patient, contrast bron- 
chography, computed tomography (CT), and mag- 
netic resonance imaging (MRI) have specific advan- 
tages in defining the extent and severity of stenosis.° 
Each of these procedures has added risk in the un- 
stable airway. Both MRI and CT carry the risk of 
airway compromise from sedation. Bronchography 
has a risk of frank obstruction from the contrast 
material.? Anecdotal reports of loss of airway control 
at bronchoscopy with tight tracheal stenoses moti- 
vated the use of ECMO in this patient. Subsequent 
experience has shown that careful bronchoscopy 
with a thin, unsheathed telescope is relatively safe!® 
and would have spared this patient the risks of carotid 
cannulation and heparinization. 


CASE 3: DISTAL GRANULATION TISSUE 


The patient was a full-term girl born with trisomy 
21 and a complete atrioventricular canal defect. She 
underwent surgical correction of the cardiac lesion at 
6 months of age. Her postoperative course was com- 
plicated by sepsis and chylothorax. After 3 months of 
mechanical ventilation she was finally extubated, but 
was noted to have persistent, biphasic stridor. A 
bronchoscopy was performed that demonstrated a 


distal tracheal stenosis with a 3-mm opening, just 
above the carina. It was dilated with a bronchoscope, 
and a small endotracheal tube was placed through the 
stenosis and maintained in place for a week. Repeat 
bronchoscopy showed a near-normal airway caliber. 
After pretreatment with steroids, she was success- 
fully extubated and, following a week of observation, 
discharged home. Nine days later she returned to the 
hospital with increasing respiratory distress. Direct 
laryngoscopy and bronchoscopy revealed recurrence 
of her circumferential web, now with a 2-mm lumen 
and adjacent granulation tissue just above the carina. 
A 3.5 Jackson size bronchoscope was pushed against 
the web. The optical field was suddenly obscured by 
blood and it was not possible to ventilate the patient. 
The bronchoscope was withdrawn and mask ventila- 
tion attempted. The patient became profoundly cya- 
notic and the pulse was lost. Closed chest compres- 
sions were begun and intracardiac epinephrine was 
administered. A 2.5 Jackson size bronchoscope was 
introduced and pushed blindly through the bleeding 
lesion, reestablishing the airway. The trachea was 
intubated and the patient transferred to the intensive 
care unit. Following a second subsequent broncho- 
scopic dilation, she was extubated. The distal steno- 
sis recurred. Seven subsequent bronchoscopic dila- 
tions and a balloon dilation have been performed over 
a 3-year period. Resection of the stenosis is planned. 


Discussion. Successful tracheal dilation with bou- 
gies or a rigid bronchoscope has been reported in 
adults.!! This technique has proven less useful in the 
small airways of infants,!* where longitudinal shear- 
ing of mucosa may in part account for the high rate of 
restenosis. In addition, bleeding from distal granula- 
tion quickly obscures vision when optical rods are 
used and may result in sudden loss of the airway. 


CASE 4: DISTAL GRANULATION TISSUE 


The patient was an 11-month-old infant who had 
been born prematurely (26 weeks, 940 g) and had 
been intubated since birth. His complications in- 
cluded respiratory distress syndrome, necrotizing 
enterocolitis and resultant short-bowel syndrome, 
and repeated intravenous catheter sepsis. Following 
the replacement of a central venous catheter under 
anesthesia, he was noted to have an acute worsening 
in respiratory status with hypoxemia and hypercarbia 
despite 100% inspired oxygen and bronchodilators. 
Rigid bronchoscopy revealed a distal tracheal web 
with granulation just above the carina. Removal of 
granulation tissue was attempted with a 3.5 Jackson 
size laser bronchoscope and a carbon dioxide laser. 
Repeated fogging of the instrument made this diffi- 
cult. A Bugbee urologic electrode was then intro- 
duced through the side channel of a conventional 
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bronchoscope, and radial incision of the web and 
cauterization of the granulation was performed. A 4- 
mm Griintzig balloon angioplasty catheter was then 
introduced and inflated to 4 atm of pressure. The 
patient was reintubated with the endotracheal tube 
stenting the lesion. At follow-up bronchoscopy 7 
days later, the balloon dilation was repeated. The 
airway remained patent, but the patient subsequently 
died of sepsis and intraventricular hemorrhage. Per- 
mission for autopsy was denied. 


Discussion. While the carbon dioxide laser bron- 
choscope has proven its value in adult tracheobron- 
chial lesions, its usefulness in the infant airway is 
limited. Small (3.5 Jackson size) laser bronchoscopes 
are now available, but have limited magnification. In 
addition, recurrent fogging of the proximal window 
is common, with resultant scatter of the laser beam 
and poor visualization. Contact techniques with ar- 
gon, potassium titanyl phosphate, and neodymium: 
yttrium-aluminum-garnet lasers have been recom- 
mended to treat vascular lesions in the distal tra- 
chea.!314 The laser energy is delivered through a 
small fiber, permitting simultaneous quartz rod visu- 
alization during cautery. If such a unit is not readily 
available, electrocautery with a Bugbee urologic elec- 
trode works well.!> These electrodes are insulated 
flexible wires with conducting ball-shaped tips. The 
power source is a conventional electrosurgical unit. 
As with fiberoptic laser techniques, a 3-mm Bugbee 
electrode can be passed through the side channel of 
even the smallest bronchoscope while an optical 
telescope is in place. Cautery of granulation tissue or 
radial incision of soft stenosis can be achieved, thus 
preventing the bleeding and loss of airway control 


seen in case 3. 


Balloon dilation of pediatric tracheal stenosis has 
been reported in the pediatric surgery and radiology 
literature, with favorable results.!629 Angioplasty 
(Griintzig, etc) rather than embolectomy (Fogarty, 
etc) balloon catheters should be used for dilation. 
Polyvinylchloride or polyethylene angioplasty bal- 
loons reach a prescribed maximum diameter, then 
have a continuing rise in wall tension with applied 
pressure. By contrast, the diameter of an embolectomy 
balloon continues to increase with insufflation.*! Itis 
the wall tension that results in radial expansion and 
dilation of a stricture. Both soft and hard stenoses 
have been treated in this fashion. Most reports de- 
scribe dilation in the radiology suite following diag- 
nosis by bronchogram. This poses some risk of air- 
way obstruction in acute stenosis. Dilation at the time 
of bronchoscopy provides immediate treatment of an 
obstructing stenosis with sufficient airway control 
for management of lesions even in critically ill in- 
fants. This method has. been applied to proximal 
bronchial lesions and to distal tracheal anastomotic 
sites as well.22 


CONCLUSION 


The management of obstructing lesions of the 
distal trachea remains a challenge. Even as improve- 
ments in endoscopic equipment and techniques to 
control the distal airway arrive on the scene, advances 
in neonatology produce unanticipated problems in 
ever smaller infants. It is left to the otolaryngologist 
to respond to these unique and dangerous lesions, 
often with limited time to prepare. It is hoped that the 
lessons taught by these four patients will help others 
to be ready when such crises arise. 
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OMOHYOID MUSCLE TRANSPOSITION FOR THE TREATMENT OF 
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Imperfect glottal closure is usually the most important factor causing dysphonia in patients with bowing of the vocal folds. We have 
performed laryngeal framework surgery, which allows the medialization of the vocal folds from the outside without creating any scar 
tissue on them. Over the past 6 years, however, we encountered three cases with marked bowing of the vocal folds that could not be cured 
by laryngeal framework surgery alone, We used an open laryngeal procedure in these cases, even though such procedures had been 
considered contraindicated in the treatment of hoarseness. After performing a laryngofissure, we made a small pocket beneath the vocal 
fold mucosa at the anterior commissure. The superiorly based omohyoid muscle flap was then transposed into the mucosal pocket and 
sutured to the vocal process. This procedure should be considered an option in treating highly bowed vocal folds. 


KEY WORDS — atrophy, bowing, larynx, omohyoid muscle, vocal fold. 


INTRODUCTION 


Bowing of the vocal folds is observed in patients 
with vocal fold paralysis, in patients with vocal fold 
atrophy with or without a sulcus, and in patients with 
a defect in the vocal fold after laryngeal trauma. 
Imperfect glottal closure is usually the most impor- 
tant factor causing dysphonia in such patients. We 
have performed laryngeal framework surgery, which 
allows the medialization of the vocal folds from the 
outside without creating any scar tissue on them. The 
results were excellent in patients with vocal fold 
paralysis, and good in those with vocal fold atrophy. 
However, there have been some cases in which laryn- 
geal framework surgery was ineffective, and no other 
means were available to treat the hoarseness. In 
phonosurgery, the first priority is to avoid scar forma- 
tion within the vocal fold. Therefore, open laryngeal 
procedures, including muscle transposition, had been 
considered contraindicated in the treatment of hoarse- 
ness. 


Various surgical procedures exploiting muscle 
transposition have been reported,'-4 and have been 
used successfully to compensate for the loss of bulk 
following a partial laryngectomy. Thus, muscle trans- 
position seems to have established a definite role in 
laryngeal reconstruction. However, it was limited in 
application to reconstruction after a tumor resection. 
We intended to utilize omohyoid transposition for the 
treatment of extremely bowed vocal folds, and ap- 
plied it to a case of laryngeal trauma in 1989. Since 


then, we have used this procedure in three other cases. 
In the most recent case, which is the focus of this 
paper, we used this procedure for idiopathic vocal 
fold atrophy. On the basis of the follow-up results, its 
indication and applicability in comparison with thy- 
roplasty type I are discussed. 


SURGICAL PROCEDURE 


A tracheotomy was performed under local anes- 
thesia, and an endotracheal tube was placed for gen- 
eral anesthesia. A skin incision was made over the 
thyroid cartilage. (It can be either horizontal or verti- 
cal, but should be kept separate from the tracheostomy 
incision.) The skin flaps, including the platysma 
muscles, were elevated, and the lower edge of the 
hyoid bone above and the cricoid cartilage below 
were exposed. The fascia of the strap muscles was 
incised in the midline to expose the thyroid cartilage. 
After retraction of the strap muscles laterally, the 
thyroid cartilage was carefully incised in the midline 
without entering the lumen of the larynx at this time. 
(In some cases, a fine bur may be required for cutting 
the calcified cartilage.) After a small initial incision 
was made on the inner perichondrium above the 
glottis to survey the inside of the larynx, the anterior 
commissure was transected in its exact center. A 
small portion of the thyroid cartilage was removed 
near the anterior commissure of the affected side, and 
a tiny incision was made beneath the vocal fold. 
Submucosal elevation from the anterior commissure 
to the level of the vocal process was employed to 
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Fig 1. (Case 3) A) Intraoperative laryn- 
geal findings after thyrotomy showing 
no left vocal prominence (arrow). As- 
terisk — right vocal fold. B) Pocket 
(arrow) for omohyoid muscle transpo- 
sition. 


create a pocket in the affected side of the larynx (Fig 
1). 


After completion of the pocket in the vocal fold, 
the sternocleidomastoid muscle was retracted later- 
ally to expose the omohyoid muscle, which was 
dissected inferiorly and transected. Its cut end was 
rotated and transposed into the submucosal pocket of 
the larynx, which had already been prepared, and 
fixed to the vocal process with 5-0 Vicryl sutures. 
Since the mucosa of the vocal fold was completely 
preserved, a laryngeal keel was not necessary. How- 
ever, special attention must be paid to the precise 
approximation of the mucosa at the anterior commis- 
sure of the larynx. 


The laryngeal mucosa was approximated with 
simple interrupted 5-0 Vicryl sutures, and then the 
larynx was closed by suturing the external perichon- 
drium with interrupted 4-0 nylon sutures (Fig 2). 


SUBJECTS 


We have performed this omohyoid muscle trans- 
position procedure in three cases (see Table) for the 
treatment of bowed vocal folds. Each patient com- 
plained of breathy or weak phonation. The bowed 
vocal fold was posttraumatic in case 1, post—laser 








operation in case 2, and idiopathic in case 3. Except 
for case 2, the prominence of the affected side of the 
vocal fold totally disappeared, but the lesion was 
limited to one vocal fold. In case 2, the prominence of 
the left vocal fold was retained, but was highly bowed 
because of the previous laser surgery. Moreover, a 
scar created by the laser surgery was observed on the 
right vocal fold, as well as the anterior commissure. 
Since atrophic lesions were observed on both sides of 
the vocal folds, thyroplasty type I as an additional 
procedure was performed in case 2. 


From the viewpoint of etiology, case 3 was differ- 
ent from the others. In this case, there were no scars 
on the vocal folds that could have been due to surgical 
or traumatic intervention before the present treat- 
ment. The detailed clinical history of this patient is as 
follows. This 55-year-old man was referred to our 
hospital complaining of hoarseness. He had suffered 
a breathy voice since he was 14 years old. Fiberscopic 
findings showed severe atrophy of the left vocal fold, 
which caused remarkably insufficient glottal closure. 
The maximum phonation time (MPT) was 5 seconds 
and the mean flow rate (MFR) was 568 mL/s. For the 
purposes of improving hoarseness, Isshiki’s thyro- 
plasty type I was performed. However, the postop- 


Fig 2. (Case 3) A) Omohyoid muscle 
(arrow) inserted into pocket. B) La- 
ryngeal framework findings after clo- 
sure of thyroid cartilage. Asterisks — 
both fragments of thyroid cartilage, 
arrow — omohyoid muscle. 
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PATIENT DATA 
Side of 
Case Age (y) Sex Atrophy Cause 
l 26 Male Left vocal Posttraumatic 
fold 
2 54 Male Both vocal Post-laser 
folds operation 
3 55 Male Left vocal Idiopathic 
fold 


oo 


erative results showed no significant improvement 
(Fig 3). In order to create the left vocal prominence, 
we then performed this omohyoid flap technique 2 
years after the initial thyroplasty type I. 


RESULTS 


The surgical effect was noted in ease of phonation 
rather than in voice quality in each case. It was 
evaluated by the measurement of the MFR and the 
MPT. Figure 4 shows the results of the postoperative 
phonatory examinations. In case 1, the phonatory 
examination after the omohyoid muscle transposi- 
tion showed remarkable improvement. The MPT was 
extended from 15 seconds to 34 seconds, and the 
MER decreased from 430 mL/s to 123, by 2 months 
after the operation. This was largely due to the in- 
creased prominence of the left vocal fold. Case 2 was 
first treated with omohyoid muscle transposition 
alone, which resulted in little improvement in the 
voice. The MPT was extended slightly, from 3 sec- 
onds to 6, and the MFR had changed from 368 to 353 
mL/s by 1 year after the operation. With the addition 
of a thyroplasty type I, the MPT was extended to 10 
seconds and the MER decreased slightly, to 333 mL/ 
s, by 1 year after the thyroplasty. In case 3, the MPT 
showed a minor increase, from 4 seconds to 7, and the 
MER changed from 568 mL/s to 471 by 10 months 
after the thyroplasty. The omohyoid muscle transpo- 
sition improved the MPT to 28 seconds and the MFR 


pre-Thyroplasty type | 





to 158 mL/s, by 6 months after this operation. Figure 
5 shows the laryngeal findings in case 3 as seen 5 
months after the surgery. A satisfactory prominence 
was observed at the left vocal fold, with sufficient 
glottal closure. According to subjective acoustic im- 
pressions, the breathy element of the patient’ s voice 
had also disappeared. No evidence of atrophy of the 
omohyoid flap has been seen. 


DISCUSSION 


Two major procedures, intracordal injection*!? 
and framework surgery,!?!4 are widely used to treat 
dysphonia in most cases with bowing of the vocal 
folds. The advantages of intracordal injection are its 
surgical simplicity, and with the introduction of col- 
lagen’ or fat,!!:!2 the safe and satisfactory results 
obtained in most cases. In contrast, framework sur- 
gery has the disadvantage of creating a cervical scar 
due to the skin incision. However, it has two crucial 
advantages: 1) itallows for medialization of the vocal 
folds without creating any scar tissue on them, and 2) 
the voice quality can be ascertained during the proce- 
dure and thus there are very few failures. 


In our institution, we have chosen laryngeal frame- 
work surgery more frequently since the early 1970s 
because of its reliability. The results were excellentin 
patients with vocal fold paralysis, and good in those 
with vocal fold atrophy. Over the past 6 years, how- 
ever, we encountered three cases that could not be 
cured by laryngeal framework surgery alone. In each 
case, marked bowing of the vocal folds due to laser 
surgery, laryngeal trauma, or idiopathic atrophy was 
observed. This caused the prominence of the affected 
vocal fold to be too low, and thus it could not be 
medialized by medial displacement of the window 
cartilage in thyroplasty type I. We used an open 
laryngeal procedure in these cases, even though such 
procedures had been considered contraindicated in 


Fig 3. (Case 3) Endoscopic laryngeal 
findings before and after thyroplasty type 
I. Preoperative findings show severe al- 
rophy of left vocal fold. Postoperative 
findings show little increase of left vocal 
prominence 10 months after thyroplasty. 


post-Thyroplasty type | 
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Fig 4. Maximum phonation time and mean flow rate in 
three patients before and after omohyoid muscle transpo- 
sition. 


the treatment of hoarseness. 


Of the various surgical procedures used to com- 
pensate for the loss of bulk following a partial laryn- 
gectomy, the use of muscle flaps has been established 
as a definitive procedure in laryngeal reconstruction. 
Calcaterra? applied bilateral omohyoid muscle flaps 
for reconstruction following anterior commissure 
cancer, and concluded that this was an ideal flap for 
repairing small defects. Since the size of this flap was 
considered suitable for the reconstruction of the vo- 
cal folds, we utilized it in the treatment of the bowed 
vocal folds. It provides a sufficient bulge, resulting in 
good correction of the glottal closure as well as 
amelioration of the mass imbalance between the two 
vocal folds. Since the aim of the operation was to 
restore vocal quality, we were careful not to damage 
the mucosa of the larynx, especially on the vocal 
folds. To create the prominence of the vocal fold 
while preserving the mucosa, we made a pocket 
beneath the vocal fold mucosa, and inserted the 
omohyoid muscle flap into it. We also paid special 
attention to the approximation of the mucosa at the 
anterior commissure. As a result, the vocal fold, 
including the anterior commissure, was reconstructed 
to its normal shape without use of a stent in any case. 


From the viewpoint of phonatory function, better 
surgical results were obtained for ease of phonation 
than for voice quality. Measurements of the MFR and 
the MPT were performed to assess it. The results 
obtained on phonation tests were excellent in case 1, 
but unsatisfactory in case 2. The cause of the hoarse- 
ness was the same; both patients had an injury that 
induced scar formation on the vocal folds. However, 
the extent of the lesions was different between the 
two cases. In case 2, scars and atrophic lesions were 
observed on both sides of the vocal folds, which had 
been created by the previous laser surgery. This was 
the primary reason why case 2 required additional 





Fig 5. (Case 3) Endoscopic laryngeal findings 5 months 
after omohyoid muscle transposition. Adequate promi- 
nence of left vocal fold is observed. 


surgery (thyroplasty I) to obtain complete glottal 
closure. However, the results after thyroplasty I in 
case 2 did not show sufficiently good phonation in 
comparison to case 1. Although complete glottal 
closure can be achieved by thyroplasty I, the vibratile 
nature of the vocal mucosa cannot be restored once it 
becomes scarred. The loss of normal vibration of the 
vocal folds resulted in poor phonatory function in 
case 2, whereas good phonatory function was re- 
tained in case 1 because of the mucosal vibration on 
the intact side of the vocal folds. 


We applied the omohyoid muscle transposition 
procedure to the patient in case 3, who had idiopathic 
atrophic vocal folds on which no scar lesions were 
found before the treatment. We usually select frame- 
work surgery for such cases because it allows for 
complete glottal closure from the outside without 
creating any scar tissue on the vocal folds. Therefore, 
thyroplasty I was initially performed in this case. The 
results were disappointing, and it was concluded that 
the vocal fold was not prominent enough to be medi- 
alized by the framework surgery. The relationship 
between the framework and the soft tissues of the 
larynx is analogous to that of a container and its 
contents; an adequate volume of soft tissues in pro- 
portion to the framework is necessary to obtain good 
phonation. In the case of vocal atrophy, the volume of 
the soft tissues would be a little less than the frame- 
work requires. Thyroplasty I is designed to diminish 
the size of the container, aiming to restore the proper 
balance between the size of the container and its 
contents. However, thyroplasty I has definite limita- 
tions, and a different strategy should be considered in 
the correction of excessive imbalances. Therefore, 
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we believed that increasing the volume of the con- 
tents could resolve this problem. At this point, we had 
assumed that there were no means available except 
for open laryngeal surgery to treat this case. We 
performed an omohyoid muscle transposition in the 
same manner as in cases 1 and 2, preserving the 
mucosa of the vocal folds. 


In case 3, we expected to restore normal mucosal 
vibration on the reconstructed vocal fold, because no 
scars were found before the transposition procedure. 
Unexpectedly, stroboscopic findings after the sur- 
gery revealed no vibrations on the reconstructed fold. 
The site of the pocket created for the muscle transpo- 
sition may have been too shallow on the surface of the 
mucosa, thus causing scar formation on the vocal 
fold. To avoid damaging the mucosa, the pocket can 


be created in the muscle layer of the vocal fold. 


The majority of cases with vocal fold bowing may 
be treated well by the conventional procedures; this 
has prevented us from obtaining more clinical expe- 
rience with our procedure with longer follow-up. The 
number of cases presented in this paper is not large 
enough to draw final conclusions about this proce- 
dure, and moreover, some improvements in the fu- 
ture may extend its applicability in the field of pho- 
nosurgery. It is, however, believed that this proce- 
dure may prove remarkably useful in treating highly 
bowed vocal folds and could provide an additional 
option that had been considered contraindicated in 
phonosurgery. In combination with thyroplasty I, this 
could play an important role in the treatment of 
hoarseness due to imperfect glottal closure. 
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Foreign body aspiration is not an infrequent encounter in the practice of otolaryngology and requires immediate attention. The vast 
majority of foreign body aspirations occur in children less than 3 years of age, and the actual event of aspiration is frequently not 
witnessed. Although inhaled foreign bodies most often lodge in the bronchi, laryngotracheal foreign bodies also occur and are potentially 
more dangerous. Specifically, subglottic foreign bodies present unique clinical challenges. The diagnosis of subglottic foreign bodies 
is often difficult and they are commonly confused with other causes of upper airway obstruction. We present our experience with the 
diagnosis and management of seven patients with subglottic foreign bodies, who presented with an abnormal airway and whose problems 
were initially misdiagnosed. The radiographic and clinical features are discussed with a review of our surgical management. 


KEY WORDS — aspiration, foreign body, management, subglottic foreign body. 


INTRODUCTION 


The presentation of a foreign body of obstructing 
size within the larynx often results in immediate 
mortality. Fortunately, most choking victims are able 
to spontaneously cough out the obstruction. Smaller 
objects, however, may be aspirated into the lower 
respiratory tract and produce characteristic symp- 
toms. Rarely, aspiration of a foreign body may result 
in the object’s lodging in the larynx or subglottis. 
Nonlethal aspiration of a foreign body in the larynx 
varies in the reported incidence of all aspirated for- 
eign bodies from 2% to 12%.! Unfortunately, this 
unique presentation is frequently not recognized, and 
appropriate management is usually delayed by the 
misdiagnosis.2°5 


No study to date has addressed subglottic foreign 
body aspiration in detail or reviewed a series of 
patients. We review a series of seven patients who 
presented with aclinically abnormal airway and were 
found to have a subglottic foreign body. The study 
attempts to idéntify clinical and radiographic find- 
ings that alert the physician to an aspirated subglottic 
foreign body. 


MATERIALS AND METHODS 


A retrospective review of the medical records of all 
children who presented with a laryngotracheal for- 
eign body to the Medical College of Georgia between 
1980 and 1992 was undertaken. Only those cases of 
subglottic foreign body demonstrated during endos- 


copy were included for discussion. The following 
factors were identified prior to review: age in months, 
patient’s sex, patient’s race, general health prior to 
aspiration, presenting symptoms and diagnosis on 
admission, history of witnessed aspiration, duration 
ofsymptoms prior to correct diagnosis, initial therapy 
and clinical response, radiographic findings, nature 
of obstructing object, endoscopic findings, and com- 
plications. 


RESULTS 


One hundred fourteen children presented to the 
Medical College of Georgia with a laryngotracheal 
foreign body. Seven children were found to have a 
subglottic foreign body, for an incidence of 6.1% of 
all laryngotracheal foreign bodies at our institution. 
The clinical features of the patients are reviewed in 
Table 1. Of the seven children, five were boys and 
two were girls. The ages ranged from 8 months to 7 
years of age, with a median age of 10 months. All 
children were in good general health prior to the 
aspiration event. Presenting symptoms are summa- 
rized in Table 2. The symptoms on initial presenta- 
tion varied and included stridor, wheezing, cough, 
hoarseness, and brief periods of cyanosis. 


The interval between onset of symptoms and endo- 
scopic diagnosis ranged from 1 day to 4 months. 
Initial diagnoses included croup, asthma, bronchitis, 
and vocal cord polyp. Radiographic evaluation of the 
airway was performed in five patients. The other two 
patients were those with the longest interval between 
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TABLE 1. SUBGLOTTIC FOREIGN BODIES 


Age Clinical 
Patient (mo) Sex Race Presentation 
l 9 M B Wheezing, cough 


2 9 M B Wheezing, stridor 
3 1] F W Stridor, cyanosis 
4 8 M W Stridor 

5 10 M B Cough, cyanosis 
6 36 F B Hoarseness 

fi 84 M W Cough, bloody 


sputum, wheezing, 
hoarseness 
B — black, W — white, RAD — reactive airway disease. 


Initial Prediagnosis Foreign 
Diagnosis Interval Body 

RAD 6d Sandspur 

Croup 10 d Portion of ballpoint 
pen 

Croup 2 mo Bacon wrapper 

Croup, bronchitis 2d Egeshell 

Choking episode ld Piece of plastic 

Vocal cord polyp 3 mo Thin wire, 3.5 cm 
long 

Possible foreign 4d Sandspur 


body aspiration 





onset of symptoms and eventual endoscopic discov- 
ery of the foreign body. Retrospective analysis of 
serial chest radiographs in these two patients did 
identify subtle subglottic narrowing in one. 


Foreign body aspiration was immediately sus- 
pected in only one patient secondary to a witnessed 
event, but the child was not referred for medical 
attention until bloody sputum and hoarseness devel- 
oped. All of the patients had wheezing and stridor 
minimally responsive to antibiotics and bronchodi- 
lators. Four patients had moderate improvement of 
symptoms with antibiotics, although persistent stridor 
and wheezing were present. Four patients were incor- 
rectly judged to have croup or asthma. Only after 
consultation with an otolaryngologist and appropri- 
ate radiographic evaluation was the correct diagnosis 
determined. 


The treatment for all patients was endoscopic 
removal under general anesthesia. All patients had 
endoscopy with the patient apneic without intubation. 
All patients had a foreign body identified in the 
subglottic area at the time of endoscopy. Two pa- 
tients, both of whom were symptomatic lor greater 
than 2 months, had significant granulation tissue 
formation around the foreign body. After endoscopic 
removal, all patients were electively intubated for 
control of the airway and prevention of laryngospasm. 
In addition, all patients received perioperative and 
immediate postoperative intravenous steroids. No 
complications occurred at the time of endoscopy or 


TABLE 2. PRESENTING SYMPTOMS 








Patients 
Symptom No. % 
Stridor off 71 
Wheezing 4/7 57 
Cough 3/7 43 
Cyanosis 2/1 29 
Hoarseness 2/1 fa, 


Patients presented with more than one symptom. 





during postoperative hospitalization. 
DISCUSSION 

Foreign bodies within the laryngotracheal region 
are rare and pose life-threatening emergencies when 
encountered. The vast majority of foreign bodies in 
this region lodge in the supraglottis or larynx. Aspi- 
ration of objects large enough to obstruct the supra- 
glottis or glottis is usually life-threatening and not a 
diagnostic dilemma. However, the diagnosis becomes 
a challenge when the object passes through the glottis 
and lodges in the subglottis. Airway obstruction of 
various degrees is usually evident on presentation, 
but when the aspiration event has not been witnessed, 
the cause is often difficult to discern. The reported 
incidence of witnessed events ranges from 73% to 
85% of all patients who aspirate; however, many 
recollections were anecdotal and arose after the diag- 
nosis had been established.® 

The initial response to a laryngotracheal foreign 
body includes respiratory distress, paroxysms of 
coughing, choking, wheezing, and stridor. Brief pe- 
riods of cyanosis may occur due to periods of laryn- 
gospasm.’ The initial response is then followed by an 
asymptomatic interval as the foreign body lodges and 
the reflexes become fatigued. This apparent symp- 
tomatic improvement results in the delay in the cor- 
rect diagnosis of unrecognized foreign bodies. Pro- 
tection of the airway from a foreign body is depen- 
dent on the flow of a fast-moving column of air 
exerting pressure over the object’s surface during the 
act of coughing. The presence of small foreign 
bodies lodged in the subglottis may be partially 
explained by this protective reflex and the anatomic 
shape of the subglottic region. Following aspiration, 
the object may be inhaled into the trachea or lower 
respiratory tract. When the cough reflex initiates a 
fast-moving column of air, the object may be lifted 
and propelled against the undersurface of the true 
vocal cords in the region created by the conus elasti- 


Cus. 
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All of the objects in our study were thin, with sharp 
edges (Fig 1). Sharp objects may easily become 
embedded, and thin, flat objects may be trapped in 
the subglottic region unless the object exits in the 
sagittal plane. The unique features characterizing 
subglottic foreign bodies are a size small enough to 
pass through the glottis and sharp enough edges to 
embed in the subglottis. 


The present study indicates that a subglottic for- 
eign body is a diagnostic challenge, and the majority 
of patients had a delay in diagnosis. The correct 
diagnosis in all seven patients was made only after 
persistent symptoms or significant local response. 
Each patient had an episode of stridor that was not 
recognized as related to the subglottic foreign body. 
Unfortunately, the eventual diagnosis may require 
significant local response to the foreign object before 
it can be established. Two of the seven patients had 
significant granulation tissue formation in the sub- 


Fig 1. Photographs of obstructing subglottic foreign bodies. A) 
Eggshell. B) Bacon wrapper. C) Piece of plastic. 





glottis and were the patients with the greatest delays 
in diagnosis. In addition, only one 
history of aspiration (but did not seek medical atten- 
tion until 4 days after the event). Protracted episodes 
of stridor, croup, or hoarseness should raise the 
possibility of a subglottic foreign body. 


patient had a 


In all patients with airway radiographs, definitive 
or suggestive evidence of a subglottic narrowing was 
found. The presentation ofa thin, radiopaque lucency 
in the sagittal plane within the subglottic region is 
highly suggestive of a foreign body. Of interest, one 
patient had only mild subglottic narrowing in the 
lateral view, but a foreign body was identified in the 
anterior-posterior plane (Fig 2). 


À` 


Under controlled circumstances and in coordina- 
ton with an anesthesiologist, each patient was sub- 
mitted to general anesthesia and rendered apneic 
prior to endoscopy. The endoscopy was performed 
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Fig 2. Endoscopy revealed eggshell lying in anterior- 
posterior direction. Linear nature of eggshell in this direc- 
tion allowed for sufficient calcification to be demon- 
strated on radiograph that correct diagnosis could be 
established. 


without the patient intubated; this technique afforded 
complete visualization of the immediate subglottis 
and avoided the possibility of dislodging the foreign 
body with the endotracheal tube. After removal of the 
foreign body, each patient was intubated and then 
extubated in the operating room after all general 
anesthesia was discontinued. This was done to pre- 
vent laryngospasm and control the airway during this 
critical period. None of the patients required rein- 
tubation, and each child had a normal airway and 
voice 6 months after the aspiration event. According 
to our findings, removal can be relatively safely 
performed in a controlled environment without sig- 
nificant intraoperative or postoperative sequelae. 


Several large series have presented nonlethal ob- 
struction of the larynx, although the subglottic region 
was not specifically addressed in any of the stud- 
ies.&8? This present study identifies a number of 
important factors unique to subglottic foreign bodies. 
The first is that all patients had a delay in diagnosis of 
a subglottic foreign body. Second, proper radio- 
graphic evaluation aided significantly in the evalua- 
tion and aided in the diagnosis. In our series, all 
patients with proper diagnostic imaging had radio- 
graphic evidence of a subglottic foreign body. Addi- 
tionally, patients with subglottic foreign bodies of a 
nonlethal size tolerated the foreign body without 
acute life-threatening airway compromise. This fea- 
ture alsocomplicates diagnosis, as the presentation of 
wheezing and stridor does not always point to the 
subglottis as the site of obstruction. Nonetheless, 
until proven otherwise, a subglottic foreign body 
should always be considered when airway compro- 
mise is evident. 


Although our series identifies many key factors, 
clinical suspicion is usually the most important in 
determining the presence of a foreign body. A thor- 
ough history from the patient and parents, physical 
examination, and radiographic evaluation are crucial 
to diagnosis. The reappearance of symptoms or con- 
tinued airway compromise should alert the physician 
to the possibility of foreign body aspiration. The lack 
of a history of foreign body aspiration should not 
exclude it from the differential diagnosis. 


In conclusion, a subglottic foreign body is a unique 
presentation of aspiration and presents a challenge to 
the practitioner. Proper evaluation and sound clinical 
judgment will often diagnose a subglottic foreign 
body. 
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VIDEOENDOSCOPIC ANALYSIS OF LARYNGEAL FUNCTION 
DURING LAUGHTER 
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Although commonly encountered in al] human cultures, laughter remains poorly understood. In order to examine laryngeal function 
during laughter, telescopic and fiberscopic videolaryngoscopy was performed on five subjects, who laughed in the different vowels, at 
various frequencies, and in several voice qualities. During laughter, the vocal folds were found consistently to undergo rhythmic 
abduction and adduction. At the end of these specific phonation tasks, all subjects were able to gain voluntary control of paramedian vocal 
fold positioning. This study better defined laryngeal function during laughter. These results have important clinical implications. 
Voluntary vocal fold positioning has important applications in speech therapy for dysphonias, such as vocal fold nodules, in which the 
primary cause is vocal fold hyperadduction. Patients suffering from these hyperadductive dysphonias may be able to utilize laughter to 


correct them. 


KEY WORDS — laughter, stroboscopic videolaryngoscopy, videolaryngoscopy, voice therapy. 


INTRODUCTION 


Dorland’s Illustrated Medical Dictionary defines 
laughter as “as series of spasmodic and partly invol- 
untary expirations with inarticulate vocalization, 
normally indicative of merriment, often a hysteric 
manifestation or a reflex result of tickling.” 10899) 
Consequently, laughter may be considered a stereo- 
typic response to physical stimuli (such as tickling) or 
psychologic concepts (such as humor). The complex- 
ity of laughter reflects its dual nature as a reflex and 
as a psychosomatic event.? Many different stimuli, 
both physical and psychologic, may produce laugh- 
ter, and the impact of these stimuli on different 
individuals may vary. Despite the wide spectrum of 
these stimuli and their individual interpretations, all 
laughter, once initiated, is produced by a single 
mechanism, which encompasses both the vocal and 
respiratory tracts. 


Despite its ubiquity in all human cultures and 
societies, laughter remains poorly understood. Stud- 
ies of laughter may focus on the social context of 
laughter, as well as the individual’s cognitive inter- 
pretation of stories or events. In the central nervous 
system, the cerebral cortex, the limbic system, and 
brain stem nuclei, as well as their interconnections, 
are all involved in the initiation of laughter. Laughter, 
however, is an end product ofa single effector system 
that produces changes in the vocal and respiratory 
tracts, as well as in the cardiovascular and the muscu- 


loskeletal systems. Scientific inquiries into laughter 
may assess any of these potential aspects. 


Because the sound of laughter is one of its most 
central characteristics and because so little is known 
about the vocal tract mechanisms that produce this 
sound, this study was undertaken to examine the role 
of the larynx in generating laughter. By means of both 
fiberscopes and telescopes, the larynx was observed 
during laughter. These observations have important 
implications for the therapy of hyperadductive dys- 
phonias. 


METHODS 


Five professional singers were recruited for the 
study. The group included two men and three women, 
whose ages ranged from 32 to 46 years. Each subject 
was given the protocol in advance so that he or she 
had the opportunity to practice the specific exercises. 


The protocol was divided into two parts. Part 1 
involved three distinct tasks. After the intranasal 
application of topical 4% lidocaine, each subject was 
asked to laugh in each vowel sound (/i/, /e/, /a/, 
/o/, and /u/), For the second task, each subject laughed 
at high, low, and normal frequencies. Last, each 
subject laughed in the different voice qualities (speech, 
falsetto, sob, twang, opera, and belting).7> During 
each task, telescopic and fiberscopic videolaryngos- 
copy was performed, and each subject was able to 
view these images on a nearby video monitor as he or 
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Fig 1. Technique of telescopic stroboscopic videolaryn- 
goscopy. 


she performed each phonation task. 


At the conclusion of these three tasks, each subject 
proceeded directly to the second portion of the proto- 
col, during which he or she was asked to mimic the 
laryngeal posture of laughter in the absence of gener- 
ating a laugh while undergoing stroboscopic video- 
laryngoscopy. 


Fiberscopic videolaryngoscopy was performed 
with the following equipment: an Olympus ENF-L3 
flexible fiberscope, a Stryker 782 3-chip CCD cam- 
era, a Sony VO-9600 video recorder, and a Karl Storz 
610 xenon light source. A Nagashima SFT-1 rigid 
telescope, an Elmo MN401 CCD camera, an Elec- 
trovoice RE-10 unidirectional microphone, and a 
Kay Rhino-Laryngoscope Stroboscope 9100 were 
used for the stroboscopic videolaryngoscopy (Fig 1). 
A Sony video printer UP-5000 was used to provide 
still images for study and publication. 


At the conclusion of the videolaryngoscopy ses- 
sions, all video sequences were viewed at regular 
speed and in slow motion by all three authors. 


RESULTS 


All subjects tolerated the endoscopic procedure 
well and were able to complete all components of the 
protocol. All subjects reported that their simulta- 
neous viewing of the videolaryngoscopy images as 
they were completing each task was very helpful. All 
video sequences were of excellent quality and pro- 
vided information for study. Each author agreed with 
the final qualitative assessment of each video se- 
quence. 


During the first task (laughter on each vowel 
sound), the vocal folds underwent rhythmic abduc- 
tion and adduction. The glottis modulated airflow by 
this valving maneuver to produce the characteristic 
vocalizations of laughter. These vocal fold move- 
ments occurred during laughter at each vowel sound, 
although supraglottic configuration and laryngeal 
elevation changed to produce the elemental vowel 
sound for each laughter type. 


When each subject laughed in the different fre- 
quencies, similar results were observed. Again, the 
vocal folds were found to undergo their rhythmic 
valving movements of abduction and adduction. Pitch 
alterations were not achieved by changes in this 
rhythmic glottic valving, which appeared relatively 
constant; instead, each subject raised or lowered his 
or her entire larynx (in the superior-inferior direc- 
tion) in order to control the pitch of the laughter. 


In the third task, the larynx was observed during 





Fig 2. Representative still images of fiberscopic videolaryngoscopy of laughter in speech, falsetto, sob, twang, 
opera, and belting qualities. 
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Fig 3. Paramedian true vocal fold positioning during 
gentle respiration. 





laughter in the speech, falsetto, sob, twang, opera, 
and belting qualities. In all instances, the vocal folds 
underwent essentially identical rhythmic abduction 
and adduction, while the level of the larynx and the 
shape of the supraglottis were dramatically different 
for each voice quality (Fig 2). 


At the conclusion of the three tasks, each subject 
attempted to “laugh silently” while viewing simulta- 
neous videolaryngoscopy images of his or her larynx. 
All subjects were then able to voluntarily position the 
true vocal folds in both the abducted and adducted 
laugh postures (Fig 3). This exercise was then ex- 
tended by having each subject attempt to intention- 
ally place his or her true vocal folds in the paramedian 
position during gentle respiration. Each subject also 
successfully achieved this objective. 


The subjects applied this skill of true vocal fold 
positioning and developed the ability to constrict and 
retract the supraglottis (Fig 4). During retraction, the 
supraglottis adopts an open configuration, in which 
more true vocal fold is visible from above, since the 
false vocal folds are at least partially lateralized. In 
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contrast, during constriction, the false vocal folds are 
in a more medial position. All subjects were able to 
alternate between the retraction and constriction con- 
figurations during gentle phonation. 


DISCUSSION 


Laughter functions as a communication method 
that is easily recognized by members of all human 
societies, despite their differences in language, cul- 
ture, and individual experiences. The outward mani- 
festations of laughter are relatively constant in all 
situations, but the stimuli and their interpretations 
may vary greatly. 


Numerous observations of laughter have been 
made. The characteristic facial expression, including 
smiling and reflex lacrimation, has been well de- 
scribed.’ Laughter also produces a generalized in- 
crease in skeletal muscle activity.® Activation of the 
autonomic nervous system leads to an initial in- 
crease, and then a decrease, in blood pressure and 
pulse. These physiologic changes have been com- 
pared to physical exercise.? 


All laughter is also characterized by similar vocal- 
izations that involve both the upper aerodigestive 
tract and the respiratory system. The patterns of chest 
wall movement seen during laughter and speech are 
not identical,!° and electromyographic recordings of 
abdominal muscles during laughter do not resemble 
those obtained during phonation.!! In fact, specific 
respiratory patterns differentiate the emotional state 
of “joy-laughter” from other emotional states. !? 


Prior reports of the role of the larynx in laughter are 
limited. Observations of cricothyroid muscle and 
thyroarytenoid muscle contraction during laughter 
have been made.!? Of note, an acoustic analysis of 
spontaneous laughter demonstrated signal noise and 
breathiness, suggesting a more abducted vocal fold 
positioning during laughter vocalization.'!* A Medline 
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Fig 4. Supraglottic constriction and retraction during gentle phonation. 
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literature review did not reveal any published obser- 
vations of laryngeal function during laughter. 


In this study, videolaryngoscopy was performed 
on subjects during laughter. In all instances, charac- 
teristic vocal fold movements were observed: the 
vocal folds underwent rhythmic abduction and ad- 
duction. This “glottic valving” was present during 
laughter on all vowels, in all frequencies, and in each 
voice quality. 


This observed posture of the larynx during laugh- 
ter is unique. In other laryngeal functions, the sphinc- 
teric activity of the larynx predominates. In order to 
protect the larynx during swallowing, the true and 
false vocal folds are adducted and the epiglottis is 
displaced posteriorly over the laryngeal inlet. For the 
generation of subglottic pressures (ie, coughing), 
vocal fold adduction is essential. Phonation depends 
on true vocal fold adduction. In contrast, in laughter, 
abduction, as well as adduction, is present. 


These observations have clinically important im- 
plications, After laughing in the different vowels, at 
various frequencies, and in several voice qualities, 
each subject developed the capability for voluntary 
paramedian vocal fold positioning. In particular, the 
subjects modulated false fold constriction and retrac- 
tion. From this study, one cannot completely separate 
the effects of a subject’s observation of his or her own 
larynx during phonation (ie, “biofeedback’”) from the 
effects of the specific laughter phonation tasks. Of 
note, each subject practiced the three laughter phona- 
tion tasks prior to videolaryngoscopy. The videolar- 
yngoscopy served simply to record previously learned 
skills, and during simultaneous videolaryngoscopy, 
the subjects did little to modulate their laughter 
phonation maneuvers for each task. Furthermore, in 
a separate study (unpublished data), a second group 
of subjects completed a similar protocol without any 
simultaneous “biofeedback” videolaryngoscopy, and 


the vocal tract configuration during laughter was the 
same. Consequently, the “biofeedback” effects seem 
minimal, although they cannot be completely ex- 
cluded. 


Vocal fold hyperadduction contributes to dyspho- 
nias, such as vocal fold nodules and ventricular 
phonation. Patients with these conditions may be able 
to retrain their larynges to lessen the tendency for 
hyperadduction. In fact, at least one report states that 
laughter, by precipitating false vocal fold abduction, 
improved the voice quality of a patient with dyspho- 
nia plicae ventricularis.!5 Anecdotal reports also sug- 
gest a role for laughter in voice therapy (J. Estill, 
unpublished observations). These data also support 
the notion that laughter may be a potential component 
of voice therapy for hyperadduction dysphonias. 


The precise mechanism for laughter’s clinical ef- 
fects in voice therapy is unknown. Possibly, laughter, 
a systemic somatic event, precipitates generalized | 
vocal tract relaxation; however, this study suggests 
that the major vocal tract effects of laughter are at the 
level of the vocal folds. Furthermore, this study 
indicates that individuals may actively adopt the 
laryngeal posture of laughter (as seen in the second 
part of the protocol). Consequently, the beneficial 
effects of laughter for the treatment of specific dys- 
phonias may be derived from voluntary vocal fold 
positioning, and not simple vocal tract relaxation. 
Clearly, additional research is necessary. 


CONCLUSIONS 


1. During laughter, both the false and true vocal 
folds undergo rhythmic abduction and adduction. 
This glottic valving was observed regardless of laugh- 
ter frequency, principal vowel, or voice quality. 


2. Laughter may be a useful component of voice 
therapy for hyperadduction dysphonias. 
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NITRERGIC INNERVATION OF THE RAT LARYNX MEASURED BY 
NITRIC OXIDE SYNTHASE IMMUNOHISTOCHEMISTRY AND 
NADPH-DIAPHORASE HISTOCHEMISTRY 
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We evaluated the involvement of nitric oxide (NO) in the laryngeal innervation of rats using NADPH-diaphorase (NADPH-d) 
histochemistry and neuronal nitric oxide synthase (nNOS) immunohistochemistry. The findings obtained by NADPH-d histochemistry 
were identical with those obtained by nNOS immunohistochemistry, indicating that NADPH-d is nNOS in the laryngeal innervation 
system. We found NADPH-d-positive nerve fibers in every region of the larynx. In the epithelia of the mucosa, a small number of 
NADPH-d~positive nerve fibers were detected. The plexus of NADPH-d—positive nerve fibers was commonly found in the lamina 
propria, and some of these fibers were clearly associated with blood vessels. We also noted NADPH-d~positive nerve fibers in the region 
of laryngeal glands. Some of these fibers appeared to terminate in the glandular cells. We found NADPH-d-positive nerve fibers with 
varicosities in the intrinsic laryngeal muscle and free-ending nerve fibers on the muscle fiber. Motor end plate-like structures were 
positive for NADPH-d histochemistry. The NADPH-d-positive nerve fibers appeared to terminate at motor end plate-like structures in 
two of nine rats examined. A cluster of NADPH-d-positive neurons were occasionally present in the lamina propria of the laryngeal 
mucosa, in the connective tissue between the thyroid cartilage and intrinsic laryngeal muscle, and in the connective tissue near the 
cricoarytenoid joint. The present findings suggest that NO participates in the autonomic, sensory, and motor innervation of the larynx. 


KEY WORDS — laryngeal innervation, NADPH-diaphorase, nitric oxide, nitric oxide synthase, rat. 


INTRODUCTION 


Until recently, nitric oxide (NO) was considered a 
toxic molecule, recognized as a destroyer of ozone, 
suspected carcinogen, and precursor of acid rain. It is 
now found to be essential to activities that range from 
digestion and blood pressure regulation to antimicro- 
bial defense.! Nitric oxide also carries important 
information in the nervous system. It is considered to 
be a transmitter or signaling molecule in a number of 
distinct subpopulations of neurons in the central and 
peripheral nervous systems.” We have examined the 
catecholaminergic and peptidergic innervation of the 
larynx.?6 Many kinds of neuropeptides, as well as 
noradrenaline, have been clarified to participate in 
the autonomic, sensory, and motor innervation of the 
larynx. It is noteworthy to examine the participation 
of NO as a neuromodulator in the laryngeal innerva- 


of NO in the larynx of rats using NADPH-diaphorase 
(NADPH-d) histochemistry and neuronal NOS 
(nNOS) immunohistochemistry. 


MATERIALS AND METHODS 


Eleven Wistar rats of either sex were used, Under 
deep anesthesia induced by intraperitoneal adminis- 
tration of pentobarbital (30 mg/kg), the animals were 
perfused with 300 mL of 0.1 mol/L phosphate buffer 
(PB) with 2% paraformaldehyde, and the larynx was 
removed, The extirpated larynx was postfixed for 2 
hours at 4°C in the same fixative, immersed over- 
night in 0.1 mol/L PB containing 20% sucrose, and 
sectioned on a cryostat (20 um thick). Sections were 
collected on chrome-gelatine—coated glass slides for 
NADPH-d histochemistry. All sections were incu- 
bated for 60 minutes at 37°C with agitation in the 


tion system. 


Nitric oxide is not stored in neurons, but is synthe- 
sized by nitric oxide synthase (NOS). In the present 
study, we histochemically examined the localization 


following medium: 10 mg/mL nicotinamide adenine 
dinucleotide phosphate tetrasodium salt, reduced form 
(B-NADPH; Wako Pure Chemicals, Osaka, Japan), 
0.5 mg/mL nitroblue tetrazolium (Merck, Darmstadt, 
Germany), 0.1% Triton X-100 in 0.1 mol/L phos- 
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Fig 1. NADPH-d-positive nerve fiber with varicosities 
(arrows) in laryngeal epithelium. Bar — 50 um. 


phate-buffered saline (PBS), pH 7.4. The reaction 
was stopped by rinsing the sections in 0.1 mol/L PBS 
at 4°C. 


In two rats, sections were prepared for nNOS 
immunohistochemistry before staining for NADPH- 
d activity. The mounted sections were incubated with 
rabbit anti-nNOS serum (1:1,000, Euro-diagnostica, 
Malmo, Sweden) for 48 hours at 4°C. The production 
and the specificity of the anti-nNOS serum was 
previously reported elsewhere.” The nNOS immuno- 
reactivity was visualized by incubating sections with 
fluorescein-labeled anti-rabbit IgG (1:200, Vector 
Laboratories, Inc, Burlingame, Calif) for 1 hour at 
room temperature. After the sections were rinsed and 
photographed under a fluorescence microscope, they 
were processed for NADPH-d histochemistry as de- 
scribed above. The distribution of NADPH-d reac- 
tions under bright-field microscopy was compared 
with that of previously photographed nNOS immu- 
noreactivity. 
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Fig 2. Double staining of A) NADPH-d histochemistry and B) neuronal nitric oxide synthase (nNOS) immunohistochemistry. 


RESULTS 


Nerve fibers positive for NADPH-d were found in 
every region of the larynx. In the epithelia of the 
laryngeal mucosa, a small number of NADPH-d- 
positive nerve fibers were detected in all rats exam- 
ined. Most of these fibers with varicosities reached 
the surface of the epithelium and appeared to be free- 
ended (Fig 1). The plexus of NADPH-d—positive 
nerve fibers was frequently found in the lamina 
propria in all rats examined. Some of these fibers 
were clearly associated with blood vessels. This 
association had no relation to the size of the artery and 
vein. The distribution of NADPH-d-positive nerve 
fibers in the submucosa differed among regions of 
the larynx. These fibers were abundant in the supra- 
glottis, especially the laryngeal surface of the epiglot- 
tis, and the subglottis, while relatively few fibers 
were seen in the glottis. We also found NADPH-d- 
positive nerve fibers in the region of the laryngeal 
glands in all rats examined. Some of these fibers 
appeared to terminate in glandular cells (Fig 2A). 

We found NADPH-d-positive nerve fibers with 
varicosities in the thyroarytenoid muscle of all rats 
examined. Free ending—like fibers on the muscle 
fibers were noted (Fig 3A). Motor end plate-like 
structures were detected and NADPH-d-positive 
nerve fibers appeared to terminate on some motor 
end plate-like structures in two of the nine rats 
examined (Fig 3B). Abundant NADPH-d-positive 
nerve fibers were also associated with blood vessels 
in the muscle (Fig 3C). 


A cluster of NADPH-d-positive neurons were 
occasionally found in the lamina propria of the laryn- 
geal mucosa, in the connective tissue between the 
thyroid cartilage and intrinsic laryngeal muscle, and 
in the connective tissue near the cricoarytenoid joint. 
Many of these cells were strongly stained (Fig 4A). 





Bars — 50 um. A) NADPH-d-positive nerve fiber (arrows) surrounding acinar cell of submucosal gland. B) NADPH-d-—positive 


nerve fiber in A is also nNOS-immunoreactive (arrows). 
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The findings obtained by NADPH-d histochemis- 
try corresponded well with those obtained by nNOS 
immunohistochemistry on the same sections in the 
two rats examined (Figs 2 and 4). 


DISCUSSION 


It is now generally thought that NADPH-d 1s 
identical to nNOS.8-10 We also reported that NADPH- 
d is identical to nNOS in the canine superior cervical 





A 


Fig 4. Double staining of A) NADPH-d histochemistry and B) nNOS immunohistochemistry. Bars — 50 um. A) Cluster of stained 
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Fig 3. NADPH-d-positive nerve fibers detected in thyroarytenoid 
muscle. Bars — 50 um. A) Free ending—like NADPH-d-positive 
nerve fiber (arrows). B) NADPH-d-positive nerve fibers appear 
to terminate on motor end plate-like structures (arrows). C) 
NADPH-d-positive nerve fibers are associated with blood ves- 
sels. 


F. = \S N i wA , re 2 
ganglion (SCG).!! The present study indicates that 
NADPH-d is nNOS also in the laryngeal innervation 
system, since the findings obtained by NADPH-d 
histochemistry were identical to those obtained by 
nNOS immunohistochemistry. 


In the autonomic innervation, the participation of 
NO differs among species. We found a considerable 
number of NADPH-d-positive neurons in the canine 
SCG.!! In contrast, neurons in the rat SCG were not 


mikay 


cells in lamina propria of supraglottic mucosa. B) NADPH-d-positive cells in A are also nNOS-immunoreactive. 
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positive for NADPH-d, but they were enveloped by 
a mesh of intensely staining fibers.!9 This finding 
rules out the possibility of NO involvement in the 
sympathetic innervation of the rat larynx, since the 
main source of sympathetic nerve fibers in the larynx 
is the SCG. 


Nitric oxide has been considered as an endogenous 
modulator of cholinergic neurotransmission in the 
guinea pig airway.!* The present study demonstrated 
the presence of acluster of densely stained cells in the 
larynx of the rat. The intralaryngeal ganglia of cats 
were studied in detail by Yoshida et al.!> They found 
ganglia containing 50 to 80 ganglionic neurons per 
ganglion mainly in the paraglottic space, and sug- 
gested that these neurons have an endogenic auto- 
nomic, especially cholinergic, nature and innervate 
vessels and glands. The cells in the intralaryngeal 
ganglia of rats have been reported to be all acetylcho- 
linesterase-positive; this finding suggests that these 
ganglia are parasympathetic ganglia.!4 These studies 
suggest that the cluster of NADPH-d-positive neu- 
rons found in the present study represents parasym- 
pathetic ganglia in the larynx, and that NO is also an 
endogenous modulator of cholinergic neurotrans- 
mission in the larynx of the rat. This idea is also 
supported by the present findings that blood vessels 
and submucosal glands in the larynx are supplied 
with NADPH-d-positive nerve fibers. The present 
study suggests that NO is an endogenous modulator 
of cholinergic neurotransmission in the parasympa- 
thetic innervation for the regulation of blood flow 
and secretion in the larynx. 


Participation of NO in the parasympathetic ganglia 
has been examined in the lower airway,!> gall blad- 
der,!6 and pelvic organs.!” Nitric oxide is the neuro- 
modulator of inhibitory nonadrenergic noncholinergic 
(NANC) nerve fibers for the smooth muscle in these 
organs. Both sympathetic and vagal sensory ganglia 
are sources of inhibitory NANC nerve fibers in the 
lower airway, in contrast to postganglionic neurons 
in the gallbladder and pelvic organs. There seems to 
be no participation of NANC nerve fibers in the 
principal functions of the larynx, since no smooth 
muscle except for the blood vessels exists there. The 
possibility of inhibitory NANC innervation of NO 
originating from vagal sensory ganglia also exists. 
The sensory innervation to the larynx is supplied by 
the nodose ganglion. Many neurons in this ganglion 


have been demonstrated to be nitrergic.!®! 

In the periphery, NO has been suggested to activate 
primary afferents that modulate nociceptive behavior 
and to mediate analgesia when hyperalgesia has been 
induced by prostaglandin E2.20-22 We found many 
substance P (SP) nerve fibers and calcitonin gene- 
related peptide (CGRP) nerve fibers with varicosi- 
ties, possibly afferent nerve fibers, in the epithelium 
of the canine laryngeal mucosa.*° In the present 
study, we noted only a small number of such afferent 
nerve fibers positive for NADPH-d in the epithelium 
of the laryngeal mucosa. However, this finding can- 
not exclude the existence of aconsiderable number of 
afferent NADPH-d-positive nerve fibers, since the 
technical limitation that the epithelial cells were 
strongly stained possibly prevents the precise detec- 
tion of the positive nerve fibers. Moreover, a plexus 
of NADPH-d-positive nerve fibers, apart from the 
blood vessels and glands, was frequently found in the 
lamina propria in the laryngeal mucosa. The present 
finding of free ending—like fibers on the muscle fiber 
in the thyroarytenoid muscle suggests that the noci- 
ception of this intrinsic laryngeal muscle is also 
mediated by NO. 


Generally, nNOS is undetectable in motoneurons 
of the brain stem and spinal cord. However, it has 
been recently demonstrated to be localized in mo- 
toneurons of cranial nerves and spinal cord under 
some conditions.*324 However, there is a fundamen- 
tal difference in the regulation of nNOS expression 
between motoneurons of the cranial and spinal nerves. 
Wu? reported that spinal motoneurons express the 
enzyme after ventral root avulsion, but not after 
ventral transection, and that early nNOS expression 
is associated with axonal sprouting and growth and 
the neurons expressing lesion-induced nNOS ulti- 
mately die. The present finding, that NADPH-d- 
positive nerve fibers appeared to terminate on some 
of the motor end plate-like structures of the thyro- 
arytenoid muscle in two of nine rats examined, might 
be related to axonal sprouting, since fiber type group- 
ing in the intrinsic laryngeal muscle is well known.*° 
This remains to be clarified in view of the NO 
participation in the peripheral motor innervation sys- 
tem. 

The present findings suggest that NO participates 
in the autonomic, sensory, and motor innervation of 
the larynx. 
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PEDIATRIC TRACHEOBRONCHIAL FOREIGN BODIES: 
HISTORICAL REVIEW FROM THE JOHNS HOPKINS HOSPITAL 
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We investigated changing trends in pediatric tracheobronchial foreign body removal and resident experience from 1939 to 1991. 
We retrieved the records of 234 cases of tracheobronchial foreign body removal at Johns Hopkins. The mean number of cases per year 
was 5.9. The most common foreign bodies removed were peanuts, accounting for 38.9%. The average yearly incidence of pediatric 
tracheobronchial foreign bodies remained relatively constant during the period studied. Our data suggested little change in outcome or 
complications with the advent of optical telescopes in the mid-1970s, despite their great value in improved visualization. Resident 
experience and training were evaluated by the number of cases attended by each resident during his or her training. The number varied 
from 1 to 8 cases, not including experience acquired at our sister institutions. Although complete data could not be obtained in many of 
the older medical records, our review suggests that despite the advantage offered by the optical forceps technology, proper training and 
experience in traditional rigid endoscopic techniques is still crucial to optimize outcome and minimize the nsk of complications in 
pediatric tracheobronchial foreign body removal. Chevalier Jackson’s recommendation that residency training include an animal 


laboratory course in foreign body removal still applies. 
KEY WORDS —- aspiration, endoscopy, foreign body. 


INTRODUCTION 


Foreign body aspiration is a serious and potentially 
fatal occurrence in childhood. A cause of worldwide 
morbidity and mortality, it most commonly occurs in 
-children 6 months to 4 years of age, with 2,000 to 
3,000 cases reported annually in the United States.!-3 
We documented 234 cases of pediatric airway for- 
eign bodies at The Johns Hopkins Hospital from 1939 
to 1991 and reviewed resident training and experi- 
ence over this period. The following discussion com- 
pares our data to those of previous reports and pre- 
sents cases that illustrate similarities and differences 
in foreign body practice over the past 50 years. We 
believe this review supports the thesis that clinical 
experience alone is seldom adequate to prepare the 
resident for the variety and complexity of foreign 
body cases that may be encountered in future prac- 
tice. 


Historically, the first foreign body removal by 
bronchoscopic technique was performed in 1897 by 
Gustav Killian. This was preceded by the first direct 
laryngoscopy in 1895 by Kirstein, and the first bron- 
choscopy later that same year by Killian. Killian’s 
students William Bruenings and Carl von Eiken 
helped further develop Killian’s bronchoscope.4 Col- 
lidge performed the first successful bronchoscopy in 
the United States in 1898, when he extracted a portion 


of a tracheal cannula from the bronchus of a 23-year- 
old man. Max Einhorn introduced a light carrier to the 
esophagoscope in 1902. Prior to this time, all illumi- 
nation was from external sources.° The technique and 
instrumentation were further modified and expanded 
in the United States by Chevalier Jackson. Jackson is 
credited with developing the basic diagnostic and 
therapeutic principles used in evaluating foreign body 
aspiration and also with advancing pediatric foreign 
body aspiration as a public health concern. Edwin 
Broyles introduced magnification in the 1940s and 
the fiberoptic illuminator in 1962. Paul Bunker in the 
1960s directed a nationwide educational program 
sponsored by the American Broncho-Esophagologi- 
cal Association to provide education and information 
regarding all foreign body accidents.® 


The mortality rate prior to the introduction of 
bronchoscopic techniques promulgated by Chevalier 
Jackson was 50%. Current mortality rates with im- 
proved instrumentation and anesthetic techniques are 
less than 1%,7:8 


The techniques reported by Jackson? in 1905, 
Jackson and Jackson! in 1936, and Holinger and 
Johnston!! in 1954 are just as applicable today as 
when first described. Even with improved optics and 
anesthesia, “The fundamental problem is to teach the 
pupil how to put a rigid tube into the tender passages 
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of an infant and to carry out certain complicated, 
potentially fatal manipulations with safety to the 
patient.” 1203) 


MATERIAL AND METHOD 


Tracheobronchial foreign body removal case 
records were obtained by two means. Cases from 
1939 to 1963 were selected by a review of the general 
operating room logs. For the years 1963 to 1991, a 
computer-generated list was obtained by CPT (Cur- 
rent Procedural Terminology) code. Charts were then 
reviewed for pertinent data. The search was limited to 
patients less than 16 years of age, and 234 such cases 
were retrieved. From 1939 to 1963, many foreign 
bodies were removed in the endoscopic clinic for 
which records could not be located. No operating 
room logs were available for 1946 to 1952. Discus- 
sions with attending physicians and residents practic- 
ing before 1963 and review of the Johns Hopkins 
Hospital Foreign Body Collection suggest that our 
retrieval from these early years grossly underesti- 
mates the total clinical experience. The total number 
of cases during this time may be double what our data 
suggest. These data represent experience obtained at 
The Johns Hopkins Hospital and do not include 
experience gained at our sister institutions. 


RESULTS 


In our review of 234 cases, the age of the patient 
was available for 229. The age distribution ranged 
from 2 weeks to 15 years, with 78.7% of tracheobron- 
chial foreign bodies occurring in children less than 3 
years of age (Fig 1). The average age of children in the 
study was 2.1 years. The sex of 209 patients was 
available: 63.2% were male and 36.8% were female, 
with a male to female ratio of 1.7 to 1. The total 
number of documented cases per year at The Johns 


Hopkins Hospital varied, up to as many as 17, witha 
mean of 5.9, There was no statistically significant 
difference in the number of cases performed per year. 


The type of foreign body was identified in 167 
cases. Sixty percent of these foreign bodies were of 
vegetable origin. Peanuts accounted for 38.9% over- . 
all. An itemization of all foreign bodies retrieved 
(Table 1) and a photograph of representative items 
from the Johns Hopkins Hospital Foreign Body Col- 
lection (Fig 2) are included. 


The locations of 196 foreign bodies were identi- 
fied in 177 patients (Fig 3). A single foreign body was 
found in 161 patients. Multiple foreign bodies were 
found in 16 (9%) of the 177 patients (Table 2). 
Twenty-seven percent of foreign bodies were located 
in the right main stem bronchus, with 23% located in 
the right segmental bronchi, for a total of 50% right- 
sided foreign bodies. Fifteen percent were located in 
the left main stem bronchus, with 17% located in the 
left segmental bronchi, for a total of 32% left-sided 
foreign bodies. Ten of the 196 foreign bodies were 
listed as bronchus-only without specifying side, 23 
were located in the trachea, and 3 were specified as 
laryngeal. 

The time from the onset of symptoms to the sur- 
gery performed was available in 83 cases (Fig 4). Six 
patients (7%) were taken to the operating room within 
6 hours, 34 patients (41%) within 6 to 24 hours, 16 
patients (19%) within 24 to 72 hours, and 27 patients 
(33%) at greater than 72 hours. 


In order to evaluate the training experience of our ` 
residents in airway foreign body removal, we identi- 
fied the attending surgeon and the assistant for each 
case. The number of cases that each resident attended 
during training ranged from 1 to 8. These numbers do 
not reflect diagnostic bronchoscopy, esophageal for- 
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TABLE 1. FOREIGN BODIES (N = 167) 








Type No. % 

Peanut 65 38.9% 
Plastic toy 14 8.4% 
Safety pin, pin, or tack 13 7.8% 
Seeds (watermelon and sunflower) 10 4.2% 
Nail, screw, or nut 7 4.2% 
Carrot 6 3.6% 
Bacon a) 3.0% 
Bone 5 3.0% 
Popcom 5 3.0% 
Tooth 4 2.4% 
Corn 3 1.8% 
Bead 3 1.8% 
Eggshell 3 1.8% 
Apple 3 1.8% 
Vegetable matter (unspecified) 2 1.2% 
Spring 2 1.2% 
Crayon 2 1.2% 
Crab claw 2 1.2% 
Candy 1 0.6% 
Tracheal granuloma I 0.6% 
Ceramic 1 0.6% 
Feeding tube l 0.6% 
Paper 1 0.6% 
Grass 1 0.6% 
Pine needle l 0.6% 
Polyp 1 0.6% 
Medicine tablet l 0.6% 
Cotton 1 0.6% 
Taco shell 1 0.6% 
Cauliflower l 0.6% 
Stone l 0.6% 


eign body remóval, or experience gained at sister 
institutions. 


CASE REPORTS 


Case 1. On December 3, 1941, a small child 
arrived at the Johns Hopkins Hospital emergency 
room with a history of having choked on a kernel of 
corn the day before. Physical examination revealed 
paroxysms of coughing and, according to the report, 
“Occasionally onecould hear the foreign body against 
the lower surface of the vocal cords.” Direct laryn- 
goscopy revealed nothing definite, but it was be- 
lieved that there was a foreign body moving up and 
down in the trachea. Edwin Broyles was immediately 
notified and the child was taken to the operating 
room, where a tracheotomy was performed under 
local anesthesia. A short No. 4 bronchoscope was 
passed through the tracheotomy and a large, swollen, 
yellow kernel of field corn was removed. A short No. 
2 tracheotomy tube was placed and the patient was 
sent to the ward to be decannulated the following day. 


She was discharged in good condition on December 
8, 1941. Atthe time this procedure was performed, Dr 
Broyles was still adamant that no child be submitted 
to bronchoscopy without a tracheotomy. This policy 
finally gave way during the subsequent year or two. 
Doubtless, this approach provides the advantage of a 
somewhat larger bronchoscope than could otherwise 
be used, in addition to a shorter instrument, facilitat- 
ing foreign body removal. This approach may still be 
indicated in special circumstances.!9 


Case 2.On April 16, 1943, the 3-year-old daughter 
of a British naval officer in Bermuda experienced a 
sudden cough-choke episode at about 9:00 AM. A 
local physician found evidence of a bronchial ob- 
struction and performed a direct laryngoscopy, fail- 
ing to discover any foreign body. In the absence of 
any bronchoscopic equipment in Bermuda, she was 
placed on the Bermuda Clipper, arriving at Johns 
Hopkins Hospital later the same day. Examination 
revealed an audible wheeze and a click with dimin- 
ished breath sounds over the left chest. A No. 5 
bronchoscope was passed under ether anesthesia, 
demonstrating a bead-like object tightly impacted in 
the left lower lobe. Attempts to remove the object 
were unsuccessful because of lack of the proper 
bronchoscopic forceps. After 40 minutes the proce- 
dure was discontinued. The Pilling Company was 


called and an appropriate bronchoscope and forceps 


were sent by train, allowing for successful foreign 
body removal on April 17, 1943, by means of a 
“Tucker bead forceps.” 


Case 3. On January 5, 1984, a 7-month-old infant 
was brought to The Johns Hopkins Hospital with a 
history of choking on peanut brittle. The child’s 
parent was unsure as to the length of time since the 
episode of aspiration. Physical and radiographic find- 
ings suggested a foreign body in the left lung. At 
bronchoscopy, the left main stem bronchus was al- 
most occluded by edema and pus at the level of the 
left upper lobe. Careful suctioning revealed a small 
portion of nut nearly obscured by reactive changes. 
The swollen bronchus was too small to accommodate 
the fenestrated optical forceps. Therefore, it was 
necessary to use other instrumentation, namely, a 
thin blade, forward-grasping forceps and Pilling bron- 
choscope, to successfully retrieve the peanut frag- 
ment. 


DISCUSSION 


The classic diagnostic triad of sudden onset of 
paroxysmal coughing, wheezing, and diminished 
breath sounds on the affected side is not present in all 
cases of foreign body aspiration.!4 Chest radiographs 
can be normal in as many as one third of the cases, 
Therefore, a high index of suspicion must be main- 
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tained, and bronchoscopy performed to rule out a 
foreign body, when clinically suspected. In most 
societies, vegetable matter is the most commonly 
reported inhaled foreign body, with nuts and seeds 
predominating. !4:16-!7 Qur data concerning age, sex, 
location and type of foreign body identified are 
consistent with those of previously published re- 
ports.!8-2! The frequency of significant complica- 
tions in these patients did not change appreciably 
over the period studied, despite the advent of newer 
technologies, including the optical forceps. This seems 
inconsistent with a previous report suggesting a de- 
creased incidence of complications with optical for- 


# placement % 
123 
Laryngeal 3 LA i 
Tracheal 23 FAR 
i 53 29 3 
RMS S3 PR 
30 19 
LMS 29 14.9 Zh 
R segmented 45 23.0 14 J 


Lsegmented 32 16.4 


*Bronchus 10 
Fig 3. Location of 195 foreign bodies identified in 177 
patients. Asterisk — 10 locations were identified as bron- 
chus only, without specifying side, RMS — right main 
stem, LMS — left main stem. 


Fig 2. Johns Hopkins Hospital Foreign Body 
Collection. 


ceps.** This discrepancy may be a matter of defini- 
tion as to what constitutes a complication. We do not 
mean by this statement that optical forceps are of little 
use. To the contrary, in many cases optical forceps 
and video technology greatly increase the ease of 
extraction and provide an excellent teaching tool that 
can benefit residents not directly involved in the case. 
However, this “ease” can create a false sense of 
security. These instruments are often inadequate for 
children under 1 year of age, for foreign bodies 
located in the smaller segrnental bronchi, and for 
some cases in which a foreign body reaction has 
occurred, as is illustrated in case 3. In these circum- 
stances, a traditional approach may be required. 
Our review of resident experience and training 
highlights some important considerations in the prepa- 


TABLE 2. MULTIPLE FOREIGN BODY 
LOCATIONS (N = 16) 


No. of Pts 
Trachea, R main stem bronchus 3 
Trachea, R middle lobe, L main bronchus l 
Trachea, R middle lobe l 
R main bronchus, R middle lobe 3 
R middle lobe, R lower lobe l 
R middle lobe, L main stem bronchus l 
L main stem bronchus, L lower lobe 3 
R middle lobe, L lower lobe l 
L upper lobe, 2 in L lower lobe l 
2 in R middle lobe l 
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ration of residents to perform foreign body proce- 
dures after graduation. First, the types of foreign 
bodies encountered are numerous and require broad 
training in the use of specific instruments, as is 
illustrated in case 2. Both the technique and instru- 
ments used are dependent on the size, shape, and 
consistency of the specific foreign body. Over 33% of 
foreign bodies were removed later than 72 hours after 
aspiration. This delay increases the likelihood of a 
foreign body reaction, which increases the complex- 
ity of the case and consequently increases the risk of 
complications or failure. These considerations make 
it important that residents acquire extensive training 
in performing foreign body procedures before under- 
taking difficult cases in their individual careers. 


We found considerable variation among individual 
residents in the number of cases attended. Even 
though these numbers underestimate the total clinical 
experience, this experience is far too limited to stand 
alone in preparing the resident for future pursuits in 
pediatric bronchoscopic foreign body removal. Even 
the residents who attended the most cases were sel- 
dom exposed to all of the special techniques needed 
or the unique instruments required to remove certain 
foreign bodies, such as safety pins, beads, ball bear- 
ings, and others. Because of this deficiency, the Johns 
Hopkins Hospital program has for more than 40 years 
supplemented resident training with a bronchoscopic 
foreign body course in the animal laboratory. 


Our laboratory course is designed to train junior 
residents, while allowing more senior residents the 
opportunity to update their skills. All sessions are 
supervised by the senior author (B.R.M.), who has 
wide experience in bronchoscopic foreign body re- 
moval. The course is given in eight 2!/2-hour ses- 
sions. In the first four sessions dogs are used to 
simulate the airway ofa larger child, while in the later 
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i l 
24-72 hrs 72-336 hrs 336-720 hrs 
hours from aspiration to operating room 


6-24 hrs >720 hrs 


four sessions cats are used to simulate the infant 
airway. Two anesthetized, spontaneously breathing 
animals are available for each session, and a full set 
of traditional bronchoscopes is available. We provide 
a complete set of foreign body forceps, including 
Jackson fenestrated forceps; bead forceps; Tucker 
tack and pin forceps; screw nail forceps; side curved 
forceps; double action, forward grasping, fenestrated 
forceps; etc. Optical forceps and telescopes are avoided 
because of cost and the necessity to prepare the 
residents for more difficult cases in the younger child, 
in whom such instruments may prove inadequate. A 
variety of foreign bodies is used, including peanuts, 
nails, screws, beads, pins, thumbtacks, and others. 
Each resident is given an opportunity to practice the 
removal of these different foreign bodies using the 
specialized forceps available. In addition, a human 
tracheobronchial tree model is used to familiarize the 
residents with the anatomy of the human airways. 
Removal of foreign bodies using flexible broncho- 
scopic technique is also practiced. 


Resident training in bronchoscopic foreign body 
removal techniques has not received adequate em- 
phasis from the modern otolaryngology community. 
In 1988, 52% of the 105 otolaryngology—head and 
neck surgery residency training programs in the United 
States had no animal laboratory to teach foreign body 
removal techniques, and of those that did, hands-on 
instruction was limited to 1 to 10 hours per resident 
in 75% of the responses. Nevertheless, 79% of the 
directors felt that their training programs adequately 
prepared their residents for pediatric bronchoscopic 
foreign body removal.”3 


With an increased number of otolaryngology— 
head and neck surgery residents as compared to 
earlier times, the number of foreign body cases man- 
aged per resident has declined. The endoscopic expe- 
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rience has also been diluted among the various spe- 
cialties. Pediatric pulmonologists, gastroenterologists, 
and thoracic and pediatric surgeons have all in- 
creased their activity in this aspect of care, thus 
limiting the pool of patients necessary to train our 
residents. We were pleased to find that our depart- 
ment continues to play a dominant role in pediatric 
airway foreign body removal, even though other 
disciplines have become more involved in the man- 
agement of esophageal foreign bodies. 


Ithas been suggested that not every otolaryngology— 
head and neck surgery resident needs to be trained in 
tracheobronchial foreign body removal. Advocates 
of this view believe that the limited number of cases 
available should be funneled to residents planning a 
career in pediatric airway management, while others 
propose that further training might be obtained by 
means of a fellowship. In either case, the clinical 
material alone is seldom sufficient to adequately 
prepare the resident or fellow for a practice involving 
a broad range of foreign body work. We realize that 
these skills, once acquired through proper training, 
must be maintained through an active practice caring 
for pediatric airway disorders and repeated animal 
laboratory experience. We also know that purchasing 
and maintaining the array of instruments required is 
extremely costly. These points support the need for 
referral centers in which more difficult cases can be 
managed. However, emergency foreign body re- 
moval may be necessary outside of these centers, and 
the otolaryngologist will be expected to manage 
these cases in most instances. We feel strongly that 
the foreign body animal laboratory is essential to 
train residents in these techniques and should be a 
part of the core curriculum. 


CONCLUSION 
Tracheobronchial foreign body aspiration is a se- 


rious and potentially fatal situation, usually occur- 
ring in a small child or infant. The skill and dexterity 
needed to safely remove foreign bodies cannot be 
obtained with the number of operative cases residents 
attend during their training programs alone. In Dr 
Jackson’s own words, training “certainly cannot be 
obtained to an adequate degree in a lifetime of clinical 
bronchoscopic work...No one should attempt the 
removal of a foreign body from the bronchus of a 
child until he has removed at least 100 foreign bodies 
from the dog without harming the animal.” Addition- 
ally, “Endoscopic ability cannot be bought with in- 
struments. As with all mechanical procedures, facil- 
ity can be obtained only by educating the eye and the 
fingers in repeated exercise of a particular series of 
maneuvers,”24(P117) 


Newer optical instruments simplify the manage- 
ment of many cases, but such equipment is not yet 
available in sufficient variety to permit total reliance 
on this approach alone. This is especially true in 
children under 1 year of age and when foreign bodies 
are located in small distal bronchi. To prepare the 
resident for the broad range of cases likely to be 
encountered, a strong emphasis must be placed on 
training. We must dispel the notion that optical for- 
ceps and new technology make it unnecessary to fully 
train our residents with traditional instruments of 
proven efficacy over many years. We are repeatedly 
informed of misadventures and even fatalities result- 
ing from lack of proper training in the use of tradi- 
tional techniques. It is cause for concern that we may 
be training a generation of endoscopists who lack the 
skill of our predecessors and who are less competent 
in spite of improved technology and equipment. 
What a bronchoscopist needs is “gentleness, an ex- 
quisite sense of touch, caution, orientation, mechanical 
ability and patience. These can be acquired in a very 
remarkable degree by practice.”25(p206) 
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Advanced head and neck squamous cell carcinomas (HNSCCs) have a poor prognosis despite aggressive multimodal therapy. The 
goal of our study was to test the feasibility of gene transduction as a novel therapy for head and neck cancer. Three human HNSCC cell 
lines were transduced in vitro with a replication-deficient recombinant adenovirus containing the lacZ marker gene (Ad2/CMV eal). 
Gene transduction efficiency was dependent on multiplicity of infection, duration of exposure to the virus, and viral concentration. Next, 
the HEp-2 cell line was transduced with an adenoviral vector (Ad.RS V4) containing the herpes simplex virus thymidine kinase (HS Vth) 
gene, which, when expressed, sensitizes transduced cells to ganciclovir (GCV). Subsequent administration of GCV resulted in complete 
tumor cell killing. These results suggest that adenovirus-mediated transfer of HS Vk and administration of GCV has potential as a new 


therapy for HNSCC. 


KEY WORDS — adenovirus, ganciclovir, gene transduction, herpes simplex virus thymidine kinase, squamous cell carcinoma. 


INTRODUCTION 


Head and neck squamous cell carcinoma(HNSCC) 
comprises 3% of all adult cancers, and will cause an 
estimated 12,500 deaths in the United States in 1995. ! 
Current therapy for these tumors utilizes an aggres- 
sive multimodal approach involving surgery, radio- 
therapy, and chemotherapy, depending on tumor 
stage and patient characteristics. The prognosis for 
stage I or II disease is often good, with a 75% to 90% 
5-year survival rate with appropriate therapy. How- 
ever, even with the most advanced therapy, stage IV 
disease has only a 15% 5-year survival.? Conven- 
tional palliative treatments are often toxic and some- 
times ineffective. In addition, no effective salvage 
therapy exists for patients who fail standard treat- 
ment. Therefore, new treatments are needed both to 
improve survival in the long term and to obtain 
worthwhile, less toxic palliation in the short term. 


Gene transfer offers the possibility of new ap- 
proaches to cancer treatment. Head and neck cancer 
is particularly well suited for gene transduction strat- 
egies. First, its location in the upper aerodigestive 
tract allows easy access for both vector delivery and 
assessment of response. Second, a degree of tissue 
specificity for gene transduction can be achieved by 
direct injection of the vector into the tumor mass. 
Finally, metastases mostly occur late in HNSCC 
tumor progression, making local and regional disease 


responsible for most of the morbidity and mortal- 
ity.45 Therefore, any improvement in local and re- 
gional control could potentially result in dramatic 
benefits for patients. 


One gene transduction strategy for the treatment of 
cancer involves the transfer of a “suicide gene” that 
converts an inactive prodrug into a toxic drug. Sub- 
sequent administration of the prodrug results in death 
of the transduced cell. An example of this strategy is 
the transfer of the herpes simplex virus thymidine 
kinase (HSV?k) gene followed by administration of 
ganciclovir [9-(1,3-dihydroxy-2-propoxymethyl) 
guanine], a purine analog. When the HSVitk gene is 
expressed, its product phosphorylates ganciclovir 
(GCV). Normal mammalian thymidine kinases are 
unable to phosphorylate GCV, but are able to phos- 
phorylate monophosphate GCV into triphosphate 
GCV. Triphosphate GCV causes cell death, presum- 
ably by interfering with DNA synthesis.’ 


Recent studies using retroviral vectors to deliver 
the HS Vik gene have shown the HS Vtk-GCV system 
to be efficacious against animal models of brain and 
pancreatic cancer.®:? However, the adenovirus may 
be a more effective vector to deliver genes for the 
treatment of HNSCC. Unlike retrovirus, it is rela- 
tively easily grown and purified to high titer, and 
infects both dividing and nondividing cells.!° Infec- 
tion and gene expression are efficient in most cell 
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types, resulting in a high percentage of transduced 
cells,5-1112 and lower doses of GCV may be re- 
quired.}3 Early studies of adenovirus-mediated gene 
transfer into humans and nonhuman primates have 
shown it to be minimally toxic.!4:15 


Therefore, we hypothesized that adenovirus-me- 
diated transfer of HSV tk and administration of GCV 
may be an effective new therapy for head and neck 
cancer. To test this hypothesis, we first evaluated the 
ability of the adenovirus vector to transfer foreign 
genes into head and neck carcinoma cells. Our results 
demonstrate that the adenovirus vector can efficiently 
transfer foreign genes into human HNSCC cell lines 
in vitro. We then found that adenovirus-mediated 
transfer of HSVtk followed by administration of 
GCV results in dramatic tumor cell killing in HNSCC 
cell lines. These results suggest that adenovirus- 
mediated HS Vtk transduction should be explored as 
a potential therapy of head and neck cancer. 


MATERIALS AND METHODS 


Adenovirus Vectors. The production of recombi- 
nantreplication-deficient adenoviral vectors has been 
described elsewhere.!3:16-18 Ad2/CMVBgal was a 
gift from Alan E. Smith, PhD (Genzyme, Cambridge, 
Mass) and contains the cDNA for B-galactosidase 
preceded by the cytomegalovirus promoter. Ad2/ 
CFTR-2, also a gift from Alan E. Smith, PhD, con- 
tains the cDNA for the cystic fibrosis transmembrane 
regulator regulated by the viral E1A promoter. 


Ad. RS VlacZ was constructed from an adenovirus 
type 5 mutant that lacks most of the sequences in the 
E1A and E1B regions and a portion of the E3 region, 
and contains the lacZ gene and the Rous sarcoma 
virus promoter. Ad. RS Vikis identical to Ad. RS VlacZ 
with the exception of the HSV?tk gene replacing the 
lacZ gene. Each virus was propagated in HEK293 
cells and titers were quantified by HEK293 plaque 
assays or by end point dilution using anti-adenovirus 
antibody labeled with fluorescein isothiocyanate. 


Cell Culture. Three human HNSCC cell lines were 
obtained from American Type Culture Collection, 
Rockville, Md: HEp-2 (laryngeal epidermoid can- 
cer), FaDu (pharyngeal squamous cell carcinoma), 
and SCC-4 (tongue squamous cell carcinoma). All 
were grown in their respective recommended media. 


Adenovirus Infection. Experiments were performed 
in 24-well plates (Costar, Cambridge, Mass), at a 
density of 10,000 cells per well. Standard adenoviral 
exposure conditions consisted of virus suspended in 
0.5 mL cell culture medium, at a multiplicity of 
infection (MOTD of 500, for 3 hours. The viral suspen- 
sion was then aspirated and replaced with fresh 


medium. Cells were incubated for 48 hours, then 
fixed and assayed for lacZ expression. Individual 
experiments varied the exposure time, the volume of 
medium used to suspend the virus, or the MOI (0 to 
10,000 virions per cell). The other two variables in 
each experiment were assigned to standard condi- 
tions. 


Xgal Staining. Cells were fixed with 1.8% formal- 
dehyde and 2% glutaraldehyde for 5 minutes at 4°C. 
Next, a solution of 1.0 mg/mL Xgal (5-bromo-4- 
chloro-3-indonyl-B-D-galactopyranoside, Boehringer 
Mannheim, Indianapolis, Ind) in phosphate-buffered 
saline (pH 7.8) was added to each well. The cells were 
incubated for 16 hours at 37°C without carbon diox- 
ide. For each well, 500 cells were counted by light 
microscopy and the percentage of cells with blue- 
stained nuclei was determined. The average of three 
wells was determined for each variable. 


FDG Cell Counting Assay. Fluorescein di-B-D- 
galactopyranoside (FDG, Molecular Probes, Eugene, 
Ore) was loaded into cells by hypotonic shock for 30 
minutes, and stopped with 1.8 mL of ice-cold me- 
dium with 1 mmol/L PETG (phenyl-B-D-thiogalac- 
toside). Fluorescence from 10,000 individual cells 
was analyzed by fluorescence-activated cell analysis 
(FACScan, Lysis II software, Becton Dickinson, San 
Jose, Calif). The percentage of cells positive for B- 
galactosidase activity was determined by subtracting 
the fluorescence of the control cells that were not 
treated with Ad2/CMVBegal. 


Cytotoxicity Studies With Ad.RSVtk and GCV. We 
plated 1 x 106 cells of the HEp-2 line into 25 cm? cell 
culture flasks (Costar) and allowed them to adhere 
over 16 hours. The cells were then exposed to 
Ad.RSVik for 4 hours in 2 mL of medium at varying 
MOIs. Negative controls were either not exposed to 
virus or exposed to an identical MOI of Ad.RS VlacZ. 
Following exposure, the viral-containing medium 
was removed, flasks were rinsed with fresh culture 
medium, 0.025% trypsin with ethylenediaminetetra- 
acetic acid was added for 5 minutes, and cells were 
recovered by centrifugation. Two hundred cells per 
well were placed into 6 well plates (Costar) and 
allowed to adhere for 16 hours. Appropriate wells 
were then incubated with 20 pmol/L GCV for 24 
hours. The GCV-containing medium was removed, 
the cells were washed, and 3 mL per well fresh 
medium was added. After 7 days, cell colonies were 
stained with crystal violet and counted. 


RESULTS 


Ability of Adenovirus to Transfer Foreign Genes to 
HNSCC Cell Lines. To determine if an adenovirus 
vector could mediate foreign gene transfer to HNSCC, 
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the cell lines HEp-2, FaDu, and SCC-4 were exposed 
to Ad2/CMVßgal at an MOI of 500 for 3 hours. 
Expression ofthe lacZ gene was determined 48 hours 
after exposure by analysis of Xgal staining for ß- 
galactosidase activity. LacZ gene expression was 
clearly evident in the cells exposed to Ad2/CMV gal 
(Fig 1). Thirty-seven percent + 4% of HEp-2 (p < 
01), 35% + 25% of FaDu (p < .05), and 36% + 7% of 
SCC-4 (p < .01) cells were positive; this finding 
indicates that the adenovirus could transfer the lacZ 
marker gene to HNSCC cell lines. Staining was 
predominantly localized to the nucleus, as expected, 
because of the fusion of a nuclear localization signal 
to the lacZ gene. The lacZ gene was not expressed in 
cells that were not exposed to adenovirus, nor in cells 
exposed to an adenovirus containing the gene for the 
cystic fibrosis transmembrane regulator (Ad2/CFTR- 
2). Therefore, endogenous fi-galactosidase activity 
was not present in these cells under our reaction 
conditions, and did not occur because of adenovirus 
alone. 


The light microscopic assay using Xgal to deter- 
mine lacZ, gene expression has been shown to un- 
derreport transduction efficiency.!® Therefore, we 
compared the microscopic assay to a very sensitive 
fluorescent assay using FDG. When cleaved by B- 
galactosidase, FDG produces fluorescein, which can 
be detected by a fluorescence-activated cell sorter 
(FACS). At an MOI of 500, 34% of HEp-2 cells 
expressed the lacZ gene by the Xgal assay, and 44% 
of cells were positive by the FDG-FACS assay (aver- 
age of two experiments). Again, no expression was 
detected in unexposed cells or cells exposed to Ad2/ 
CFTR-2. Although the FDG-FACS assay appeared 
to be more sensitive, the difference was not signifi- 
cant. 


Dependence of Gene Transduction on MOI, Virus 






Fig 1. Light microscope assay for expres- 
sion of lacZ gene. Cell line HEp-2 was 
exposed to Ad2/CMVBgal (multiplicity 
of infection [MOI] of 500 infectious units 
per cell). Expression of lacZ gene was 
determined by assaying for B-galactosi- 
dase activity by means of Xgal. Positive 
cells demonstrate dark-stained nuclei. 


—— 


Exposure Time, and Concentration. We next sought 
to determine clinical parameters in optimizing gene 
transduction by investigating MOI, exposure time, 
and virus concentration. To define optimal MOI, the 
cell lines were exposed to Ad2/CMV gal at various 
MOls (0 to 10,000) for 3 hours, and LacZ gene 
expression was determined by Xgal staining for B- 
galactosidase activity 48 hours later (Fig 2A). No 
staining occurred in cells not exposed to the adenovi- 
rus vector. Significant staining over baseline was 
seen at an MOI of 50 for SCC-4 and HEp-2 (p < .01). 
There was a clear increase over baseline at the same 
MOI for FaDu, but it did not reach statistical signifi- 
cance. Staining increased to 35% to 40% of cells at an 
MOI of 500, and to 84% to 93% at an MOI of 10,000 
for each cell line. 


To determine the effect of exposure time on gene 
transfer, the cell lines FaDu and HEp-2 were exposed 
to Ad2/CMVBgal at an MOI of 500 for various 
exposure times (1.5 to 48 hours), and lacZ gene 
expression was determined 48 hours later. As expo- 
sure time increased from 1.5 to 24 hours, staining 
increased from 40% to 95% for FaDu (p = .03), and 
from 31% to 87% for HEp-2 (p < .01, Fig 2B). Most 
of the increase in staining occurred during the first 6 
hours, and then increased gradually from 6 to 24 
hours. Staining did not increase significantly after 24 
hours. 


We also evaluated the effect of virus concentra- 
tion. The cell lines FaDu and HEp-2 were exposed to 
Ad2/CMV gal for 3 hours at an MOI of 500, sus- 
pended in various amounts of cell culture medium 
(0.1 to 1.0 mL). As the volume of suspension in- 
creased from 0.1 to 1.0 mL, staining decreased lin- 
early from 71% to 29% for FaDu (p < .05) and from 
79% to 32% for HEp-2 (p < .05, Fig 2C). 
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Fig 2. Variables in lacZ gene transduction. A) Effect of 
MOI on lacZ transduction. Cell lines SCC-4, FaDu, and 
HEp-2 were exposed to Ad2/CMV Begal for 3 hours at 
various MOIs. B-Galactosidase activity was determined 
48 hours later. B) Effect of adenovirus exposure time on 
expression of lacZ gene. Cell lines FaDu and HEp-2 were 
exposed to Ad2/CMVfgal at MOI of 500 for various 
durations (0, 1.5, 3, 6, 12, 24, 48 hours), and B-galactosi- 
dase activity was determined 48 hours later. C) Effect of 
virus concentration on expression of lacZ gene. FaDu and 
HEp-2 were exposed to Ad2/CMV Bgal for 3 hours at MOI 
of 500 suspended in various amounts of cell culture 
medium (100 to 1,000 uL per well). B-Galactosidase 
activity was determined 48 hours later. Each graph repre- 
sents average of three experiments performed in triplicate. 


Cell Killing With HSVtk and GCV. Having defined 
the optimal conditions for gene transfer, we next 
sought to determine if transfer of the HSVzk gene 
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Fig 3. Tumor cell killing with Ad.RSVrk and GCV. HEp- 
2 cells were exposed to Ad.RSVtk for 4 hours at various 
MOls (0, 2, 20, 50, 100, 200 infection units per cell) and 
seeded into six-well plates (200 cells per well). Sixteen 
hours later, cells were either exposed to 20 pmol/L 
ganciclovir (GCV) for 24 hours (open squares), or not 
exposed to GCV (closed squares). Seven days later, cell 
colonies were stained with crystal violet and counted. 
Each line represents average of three experiments per- 
formed in triplicate. 


followed by administration of GCV would result in 
tumor cell killing. Since our adenovirus vector con- 
taining the HSVtk gene is driven by the RSV pro- 
moter (Ad.RSVrk), we first examined the ability of 
the RSV promoter to drive foreign gene expression. 
HEp-2, FaDu, and SCC-4 cells were exposed to 
Ad.RS VlacZ for 3 hours in 0.5 mL at various MOIs; 
expression was determined with Xgal as before. The 
proportion of cells positive for LacZ gene expression 
was similar to that obtained with Ad2/CMV egal for 
the HEp-2 and SCC-4 cell lines. The proportion of 
positive cells was lower in the FaDu cell line. Signifi- 
cant staining did not occur until an MOI of 100, 
increasing to only 4% + 1% of cells at an MOI of 500, 
and to 49% + 2% at 10,000. 


For cell killing experiments, the HEp-2 cell line 
was exposed to Ad.RSVtk for 4 hours at various 
MO!Is (2, 20, 50, 100, 200) in high concentration. 
Immediately following transduction, the cells were 
harvested, replated at low density (200 cells per 35 
mm? well), and allowed to adhere for 16 hours. One 
group of cells was then exposed to 20 umol/L GCV 
for 24 hours; another group was not. Both groups 
were allowed to grow in culture medium without 
GCV for 7 additional days. Cytotoxicity was deter- 
mined by comparing the number of colonies formed 
under experimental conditions versus those in nega- 
tive controls. 


As shown in Fig 3, tumor cell killing was achieved 
with adenoviral transduction of HSVtk followed by 
GCV exposure. Fifty percent + 8% tumor cell killing 
occurred at an MOI of 2, which increased to 82% + 
13% at an MOI of 20 and 100% at an MOI of 100. For 


566 Goebel et al, Adenoviral Gene Transduction 





m WITHOUT GCV 
O WITH GeV 


COLONIES 


40 





NO VIRUS LACZ TK 
MOI 25 MOI 20 
Fig 4. Tumor cell killing compared to negative controls. 
HEp-2 cells with no viral exposure (column 1), 
Ad.RSViacZ exposure (MOI 25, column 2), or Ad.RSVtk 
exposure (MOI 20, column 3), with (white) and without 
(black) subsequent 20 pmol/L GCV for 24 hours. Cell 
colonies were counted 7 days later. Each column repre- 
sents average of three experiments performed in triplicate. 


cells that were exposed to Ad.RSVik but not to GCV, 
significant tumor cell killing did not occur below an 
MOI of 100 (p < .05). There was a 50-fold difference 
in the MOI needed to achieve 50% cell killing be- 
tween cells exposed to GCV versus those not exposed 
to GCV. Similar results were obtained with the FaDu 
cell line (data not shown). 


The Xgal assay for B-galactosidase activity was 
used to determine Ad.RSVilacZ transduction effi- 
ciency under these reaction conditions. Atan MOI of 
25, 58% of Ad.RSVlacZ-exposed cells stained blue 
with Xgal. The increase in gene transduction effi- 
ciency over previous experiments (Fig 3) can be 
attributed to the increase in viral concentration and 
exposure time used in this set of experiments. At an 
MOI of 20, 96% of cells exposed to Ad.RSVtk and 
GCV were killed; this finding indicates gene trans- 
duction to 96% of cells. The apparent difference in 
gene transduction efficiency between Ad.RSVlacZ 
and Ad.RSVik is probably due to the greater sensitiv- 
ity of the colony-forming assay versus the Xgal 
assay. A bystander effect is unlikely under these 
experimental conditions (see Discussion). 


To further investigate toxicity associated with 
adenoviral infection and transduction, cell killing 
was determined for HEp-2 cells under the following 
six conditions: no viral exposure, exposure to 
Ad.RSViacZ (MOI 25), or exposure to Ad.RSVtk 
(MOI 20), with and without the subsequent adminis- 
tration of 20 mol/L GCV. As shown in Fig 4, there 
was no significant toxicity associated with adminis- 
tration of GCV alone (column 1). Adenoviral trans- 
duction of the lacZ marker gene resulted in a 31% 
reduction in cell colonies (column 2, Ad.RSVlacZ 
MOI 25). Administration of GCV did not affect 
Ad.RSVlacZ-transduced cells. The toxicity associ- 
ated with Ad. RS Vik transduction alone at an MOI of 


20 (279%) was similar to that with Ad.RS ViacZ trans- 
duction alone. At higher MOIs, Ad.RSVtk was more 
toxic than Ad.RSVlacZ (data not shown). 


DISCUSSION 


Our results demonstrate that an adenovirus vector 
can transfer foreign genes into human HNSCC cell 
lines in vitro. Furthermore, the percentage of cells 
transduced is dependent on the MOI, the duration of 
exposure to the vector, and the concentration of the 
vector. Maximizing these conditions resulted in trans- 
duction and expression of the lacZ gene in nearly 
100% of the cells. Despite different sites of origin 
(tongue, pharynx, and larynx), the percentage of cells 
transduced was similar at each MOI for each cell line. 
Therefore, the adenovirus vector can be equally use- 
ful in transferring foreign genes into HNSCCs of 
different lineages. Expression of the transferred gene 
occurred with adenovirus vectors incorporating ei- 
ther a cytomegalovirus or Rous sarcoma virus pro- 
moter. Gene transfer can be flexible, then, in the 
utilization of either promoter. 


Transfer of the HS Vtk gene and subsequent GCV 
exposure resulted in dramatic tumor cell killing. 
Significant tumor cell killing occurred with GCV at 
Ad.RSVtk MOIs as low as 20, and 100% killing 
occurred at an MOI of 100. Toxicity due to viral 
exposure alone was seen at an MOI of 50 and greater; 
Ad.RSV tk was more toxic than Ad. RS ViacZat higher 
MOIs. The cause of the toxicity is not clear, but it may 
be due to viral protein production or infection by 
multiple viral particles. It is also unclear why 
Ad.RSVik is more toxic than Ad.RSVlacZ at high 
MOIs; however, similar results have been docu- 
mented in a previous study.!9 


We measured cell killing by a colony-forming 
assay, which has some advantages over standard 
metabolic assays. Metabolic assays may not differen- 
tiate cytotoxic and cytostatic drug effects. By allow- 
ing cells to grow for 7 days following a brief exposure 
to GCV, the difference between the number of colo- 
nies formed in experimental and negative control 
conditions measures true cytotoxicity. In addition, 
metabolic cooperation between cells that are in con- 
tact, which has been suggested to mediate the “by- 
stander effect,” 19-20 is not possible at the low plating 
density used in this assay. Though we cannot rule out 
cell killing through the extracellular release of toxic 
metabolites during cell death or apoptosis, this seems 
unlikely because of the low number of cells and the 
relatively large volume of medium. Therefore, tumor 
cell killing in vivo will likely be as good as or better 
than that measured by the colony-forming assay in 
vitro at these MOIs. Finally, tumor cell killing was 
measured at a clinically achievable GCV concentra- 
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tion (20 pmol/L).2! No decrease in the efficiency of 
cell killing was noted in an experiment performed at 
a 10 umol/L GCV concentration (data not shown). 


These findings suggest that the Ad. RS Vtk-GCV 
system may be appropriate for future gene transduc- 
tion strategies aimed at the treatment of HNSCC. 
First, adenovirus-mediated gene transfer is highly 
efficient. Although gene transfer to 100% of cells 
may not be possible in vivo, previous studies have 
demonstrated stable cell killing when as few as 10% 
to 20% of cells were transduced with HSV?k in 
vitro.11,20 Second, gene expression in vitro is stable 
during the first 4 days following gene transfer (data 
not shown). This would allow sufficient time for 
GCV administration, tumor penetration, and conver- 
sion to its active form. Specificity of gene transduc- 
tion to tumor cells and not normal epithelial cells may 
be a potential problem. However, a large degree of 
tumor cell specificity may be achieved by direct 





injection of the vector into the tumor mass, and by the 
fact that phosphorylated GCV affects mainly cells 
undergoing DNA synthesis. Head and neck squa- 
mous cell carcinomas are typically rapidly growing 
tumorssurrounded by relatively quiescent fibroblasts, 
myocytes, and endothelium. Therefore, we would 
predict little toxicity to normal, nondividing sur- 
rounding cells, with most, if not all, toxicity confined 
to the tumor. As toxicity to surrounding normal tissue 
has not been tested, however, it is possible that 
improvements in our targeting strategy will be neces- 
sary for the ultimate success of adenovirus-mediated 
gene therapy for HNSCC. 


In conclusion, we have demonstrated that an ad- 
enovirus vector can efficiently transfer foreign genes 
to human HNSCC cell lines, and that transfer of the 
HSVik gene followed by administration of GCV 
results in tumor cell killing in vitro. This system holds 
promise as a novel therapy for HNSCC. 
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The repair of contour defects of craniofacial bone can be accomplished by several methods, including autogenous bone grafts, 
demineralized bone, and alloplastic materials. The objective of this study was to assess a biodegradable, xenogeneic, osteoinductive 
implant for craniofacial onlay bone augmentation. Twelve New Zealand White rabbits each had craniofacial onlays consisting of three 
experimental materials: 1) autograft; 2) allogeneic, demineralized block implant; and 3) partially purified osteoinductive protein 
(osteogenin) with allogeneic collagen and 50:50 poly(DL-lactide-co-glycolide). Implants with host bone were recovered after 20 weeks 
and assessed by histomorphometric methods. There was no evidence of adverse local reaction to the three treatments. No significant 
difference in bone replacement or bone density resulting from each of the implant types was demonstrated. In conclusion, the 
osteoinductive implants were well tolerated, and over the 20-week period they appeared to maintain their contour as onlays. 


KEY WORDS — bone graft, osteoconduction, osteoinduction. 


INTRODUCTION 


The repair of contour defects of craniofacial bone 
can be accomplished by several methods. Autog- 
enous split-calvarial (membranous) bone grafts are 
rapidly becoming the procedure of choice.! Recent 
experimental evidence has shown increased volume 
survival of autogenous membranous versus autog- 
enous endochondral onlay grafts.24 The disadvan- 
tages of autogenous bone grafting are the additional 
procedure required for harvest and the limited amount 
of bone available. 


An ideal “off the shelf’ biodegradable, osteoin- 
ductive implant material would not have the same 
immunogenic and infectious risks, and there would 
be no donor site morbidity. Ideally, it would result in 
predictable and lasting bone replacement. 


Allogeneic bank bone is inferior to autogenous 
bone grafts, because it is slower to incorporate, vas- 
cular penetration is slower and less dense, there is less 
perivascular new bone formation, and there is more 
surface bone replacement.’ Furthermore, allogeneic 
bank bone is potentially immunogenic and there is 
concern about the transmission of viral pathogens.®7 


Another alternative to split calvarial grafts is dem- 
ineralized allogeneic bone, which has a significant 


degree of osteoinductive potential.8-!° In a recent 
clinical study, however, these implants were shown 
to have a long-term resorption rate of approximately 
50%.1! 


The objective of this study was to assess the 
potential use of a biodegradable xenogeneic osteoin- 
ductive implant as a craniofacial onlay and compare 
this with allogeneic demineralized membranous bone 
implants and with autogenous membranous bone 
onlay grafts. Survival, maintenance of implanted 
volume and shape, and the extent of bony replace- 
ment were assessed. 


HISTORICAL BACKGROUND 


Urist!? in 1965 first clearly demonstrated that an 
implant of demineralized bone will result in the 
formation of new osseous tissue. Reddi and Huggins! 
in 1972 demonstrated that bone formation in re- 
sponse to demineralized bone was the result of endo- 
chondral ossification with fibroblasts (or possibly 
undifferentiated mesenchymal cells) transformed first 
into chondroblasts and then into osteoblasts. 


In 1981, Sampath and Reddi!* extracted a fraction 
of proteins from demineralized bone matrix that 
demonstrated osteogenic activity only when in the 
presence of bone matrix. Only those proteins with a 
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molecular weight less than 50 kd were biologically 
active. Proteins larger than 50 kg seemed to have an 
inhibitory effect. In 1983, Sampath and Reddi!5 dem- 
onstrated the homology of osteoinductive proteins 
from several different animal sources. 


In 1984, Urist et allí reported the isolation of 
bovine bone morphogenetic protein, which has a 
xenogeneic capacity to stimulate osteogenesis. In 
1987, Sampath et al!” isolated and purified a protein 
they named osteogenin (now referred to as bone 
morphogenetic protein—-3). Osteogenin is a member 
of the transforming growth factor—-B superfamily, 
which includes bone morphogenetic proteins 1 
through 8.18 For effective therapeutic application, the 
bone morphogenetic proteins, such as osteogenin, 
require a delivery system.!? 


Osteoinductive preparations have been used in a 
variety of laboratory and clinical applications in the 
craniofacial region. Demineralized bone has been 
used for both interpositional and onlay grafting in 
laboratory animals and in humans.®?-2° The use of 
demineralized bone generally results in unacceptable 
long-term resorption.? In 1987, Deatherage and 
Miller?! reported the packaging of partially purified 
osteoinductive proteins in a collagenous implant. 
This implant elicited rapid endochondral ossifica- 


tion, but was limited in application by its gelatinous _ 


consistency when hydrated. 


In 1988, Schmitz and Hollinger?* reported on the 
use of implants produced by combining allogeneic, 
demineralized, freeze-dried bone with a biodegrad- 
able copolymer of polylactide-polyglycolide. These 
were implanted into nonhealing calvarial defects in 
New Zealand White rabbits and demonstrated sig- 
nificant regeneration of trabecular bone. 


In 1990, Hollinger et al?3 reported on the use of the 
same copolymer combined with antigen-extracted 
autolyzed bone and with bone morphogenetic pro- 
tein. These implants were placed into nonhealing 
calvarial defects in nonhuman primates. The antigen- 
extracted dutolyzed bone showed an excellent os- 
seous response, and the copolymer carrier acted as an 
effective soft tissue spacer before being absorbed and 
replaced by bone. 


MATERIALS AND METHODS 


Overview. A total of 12 New Zealand White rab- 
bits were used in this study. Each animal received all 
three implant types and was its own control. After 20 
weeks, the animals were painlessly euthanized, and 
the implanted area of the frontal bones was assessed 
for osseous replacement. Histomorphometric meth- 
ods were used to quantify the degree of bony replace- 
ment, and statistical methods were used to analyze 


the results. 


Manufacture of Implants. The autologous mem- 
branous bone grafts were harvested by making an 
incision over the zygomatic arch of each experimen- 
tal animal and removing a segment of the zygomatic 
arch measuring approximately 10 x 5 x 3 mm. This 
was then stripped of periosteum. 


The xenogeneic osteoinductive implants were pro- 
duced by extracting a partially purified bone induc- 
tive protein (osteogenin), reconstituting this with 
inactive collagenous bone matrix,!’ and combining 
this with a biodegradable carrier: 50:50 poly(DL- 
lactide-co-glycolide). 


The partially purified preparation of osteogenin 
was prepared in the following manner. Bovine bone 
powder was demineralized with 0.5N hydrochloric 
acid (HCI) and washed with water, and the resulting 
demineralized bone matrix was extracted for 18 hours 
at 4°C with 4 mol/L guanidine hydrochloride in 50 
mL tris-HCl, pH 7.4 (1 g demineralized bone matrix 
in 30 mL), containing protease inhibitors (5 mmol/L 
benzamidine hydrochloride, 5 mmol/L N-ethylmale- 
imide, 100 mmol/L 6-aminocaproic acid, and 0.5 
mmol/L phenylmethylsulfonyl fluoride). The osteo- 
genin was partially purified by heparin sepharose 
affinity chromatography and hydroxyapatite chroma- 
tography. 


The inactive collagenous bone matrix was pre- 
pared in the following manner. Rabbit demineralized 
bone matrix was extracted for 18 hours at 4°C with 4 
mol/L guanidine hydrochloride in 50 mmol/L tris- 
HCl, pH 7.4 (1 g demineralized bone matrix in 30 
mL), containing protease inhibitors (S mmol/L ben- 
zamidine hydrochloride, 5 mmol/L N-ethylmalei- 
mide, 100 mmol/L 6-aminocaproic acid, and 0.5 
mmol/L phenylmethylsulfony] fluoride). The insol- 
uble rabbit organic matrix remaining after the 4 mol/ 
L guanidine hydrochloride extraction was washed 
five times with an excess of double-distilled water, 
dehydrated with ethanol and ether, air dried, and used 
to reconstitute the osteogenin.!7 


The osteogenin and the inactive collagenous bone 
matrix was reconstituted in the following manner. 
One hundred micrograms of osteogenin was sus- 
pended in 200 uL phosphate-buffered saline (pH 4) 
and added to 25 mg of inactive collagenous bone 
matrix with 0.5 mg chondroitin sulfate. This was then 
mixed with 1.0 mL of absolute ethanol (prechilled to 
-70°C) and left at -70°C for 30 minutes, followed by 
centrifugation at 10,000 rpm in a Beckman Microfuge 
12 at 4°C for 15 minutes. 


The reconstituted osteogenin was combined with 
the biodegradable carrier in the following manner. 
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Fig 1. Implants were placed adjacent to each other in 
caudal to cephalic pattern along rabbit’s snout in sub- 
periosteal pocket. 


Acetone was used to dissolve the 50:50 poly(DL- 
lactide-co-glycolide). The reconstituted osteogenin 
was then added, and the acetone was allowed to 
evaporate for 48 hours. The implants were then 
aerated and degassed under vacuum (25°C; 0.20 mm 
Hg) for 48 hours to remove residual gasses and re- 
active products. 


The demineralized bone implants were prepared 
by taking fresh membranous bone harvested from the 
zygomatic arches of donor rabbits used for other 
purposes. These were defatted in 100% ethanol for 4 
hours, decalcified for 24 hours in 0.6N HCl at 4°C, 
rinsed in 0.1 mol/L phosphate-buffered saline and 
distilled water, and lyophilized.!” 


Animal Model. The New Zealand White rabbit, a 
strain of the European rabbit, Oryctolagus cuniculus, 
was selected for this study. This species is anatomi- 
cally ideal for the study because of its relatively 
broad, flat snout and forehead that is an ideal location 
for onlay grafting. A total of 12 rabbits were used in 
the experiment. 


Animal Procedures. This study was performed in 
accordance with the PHS Policy on Humane Care and 
Use of Laboratory Animals and the NIH Guide for the 
Care and Use of Laboratory Animals, and the animal 
use protocol was approved by the Institutional Ani- 
mal Care and Use Committee (IACUC) of Madigan 
Army Medical Center. 


The animals were preanesthetized with glycopyr- 
rolate at a dose of 0.01 mg/kg administered intramus- 
cularly. They were then anesthetized with intramus- 
cular tiletamine 15 mg/kg and zolazepam 15 mg/kg, 
intubated, and maintained on isoflurane 1% to 2% in 
oxygen via an endotracheal tube connected to an 
anesthesia circuit. All of the animals were kept on a 


recirculating warm water pad to maintain body tem- 
perature while anesthetized, and were placed on an 
identical pad in an intensive care unit cage for 24 
hours postoperatively for frequent observation by the 
animal care staff. In addition, Combipen, at 30,000 
IU/kg, was administered intramuscularly as a preop- 
erative antibiotic. All of the rabbits were adult males 
weighing at least 3.5 kg. 


Surgical Procedure. The autogenous zygomatic 
bone graft was harvested as previously described. 
The bone graft, the demineralized bone implant, and 
the osteoinductive implant were carefully measured 
with calipers prior to implantation. The approximate 
size of each of the implants was 10 x 5 x 3 mm; 
however, this was measured precisely with the cali- 
pers prior to implantation. A longitudinal incision 
was made along each animal’s snout and forehead, 
and the periosteum was elevated. The implants were 
then placed adjacent to each other in a caudal to 
cephalic pattern along the rabbit’s snout in the sub- 
periosteal pocket (Fig 1). The relative positions ofthe 
graft and implants were rotated so that they occupied 
each of the three possible positions in 4 rabbits per 
position. The wounds were then closed in two layers, 
with a 4-0 polyglycolic acid suture used to close the 
periosteum, and a running 4-0 polyglycolic acid 
suture used to close the skin and subcutaneous tissue. 


At the end of 20 weeks, the animals were pain- 
lessly euthanized with sodium pentobarbital. Then 
the frontal bone with the attached ossified implants 
was harvested with a minimal amount of soft tissue. 


The specimens were examined grossly. Calipers 
were used to carefully measure the length and width 
of the ossified implants. 


The specimens were then placed in 70% alcohol, 
followed by ascending alcohols. Then the specimens 
were placed into polymethylmethacrylate for unde- 
calcifiedsectioning. Serial sections were stained with 
a modification of Goldner trichrome and von Kossa 
stains. The specimens were sectioned sagittally with 
a thickness of 4.5 um. 


Histomorphometric methods were used to mea- 
sure the bone replacement. A Leica image analysis 
system with a Zeiss Axiophot microscope was used 
to measure the cross-sectional area of new bone 
(trabecular bony area) formed at each implant or graft 
site. The trabecular bony area was quantitated with a 
digitizing board and light cursor used to compute the 
percentage of each microscopic field occupied by 
new bone. Also, the thickness and width of the 
ossified implants were carefully measured micro- 
scopically. 


Data Analysis. The percentage of bone replace- 
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Fig 2. Photomicrograph demonstrates 
bone resulting from demineralized bone 
(DB), autogenous zygoma bone graft (Z), 
and osteoinductive implant (OI) resting 
onrabbitcalvarium (C) (Masson-Goldner 
trichrome, original x1.25). 


ment and the bone density were calculated from the 
implant dimensions and the cross-sectional area of 
the trabecular bone. Bone replacement is defined as 
the cross-sectional area of the trabecular bone di- 
vided by the original cross-sectional area of the 
implant and expressed as a percent. Bone density is 
defined as the cross-sectional area of the trabecular 
one divided by the final cross-sectional area of the 
done resulting from each implant, also expressed as 
1 percent. The change in each dimension (height, 
width, and thickness) and the change in volume were 
-alculated by comparing the original dimensions of 
ach implant with the dimensions of the resulting 
one. Repeated measures analysis of variance was 
ised to test the null hypothesis that there was no 
lifference between the implant types in regard to 
‘hange in dimension. When a difference was de- 
ected, a post hoc Duncan multiple range test was 
‘mployed to determine significant differences be- 
ween the mean measurements of each implant type. 


RESULTS 


Nine animals survived the full 20-week course of 
ne study. Of the 3 animals that died, 1 died in the 
mmediate postoperative period, presumably because 
f the stress of surgery. The other 2 died approxi- 
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Fig 3. Calculated percent bone replacement of original 
volume of implants. 





mately 6 weeks after placement of the implants of 
unknown causes apparently not related to the im- 
plants. 


At necropsy of the 9 animals surviving the full 20 
weeks, it was obvious that hard bony tissue had 
replaced the osteoinductive implants and the demin- 
eralized bone implants. In addition, all of the autog- 
enous bone grafts were adhered to the underlying 
calvarium. Grossly, the resulting bone approximated 
the original dimensions of the implants and grafts. 
There was noted, however, some rounding of the 
edges and corners. 


Histologic examination confirmed the observa- 
tions made at necropsy. As can be seen from the 
photomicrograph (Fig 2), there was bony replace- 
ment in all three implant types. The calculated per- 
cent bone replacements were 59.9% + 34.6% (SD) 
for the autogenous membranous bone grafts, 50.7% 
+ 24.6% for the osteoinductive implants, and 87.3% 
+51.5% forthe demineralized bone (Fig 3). Repeated 
measures analysis of variance was used to test the null 
hypothesis that the bone densities were not different. 
No significant difference could be shown, with a p 
value of .1834. 


The calculated percent bone densities were 61.6% 
+ 28.6% for the autogenous membranous bone grafts, 
58.9% + 48.4% for the osteoinductive implants, and 
62.7% +29.4% for the demineralized bone. Repeated 
measures analysis of variance was used to test the null 
hypothesis that the bone densities were not different. 
No significant difference could be shown, with a p 
value of .9543. 


The mean percent changes in the length, width and 
thickness of the demineralized bone implants were 
-1.2% + 18.2%, -2.3% + 13.3%, and 55.5% + 55.4%, 
respectively; in the osteoinductive implant they were 
1.5% + 17.5%,23.3% +25.2%, and -17.9% + 29.2%: 
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Fig 4. Mean percent change in volume of bone resulting 
from each implant type relative to implanted volume. 


and in the autogenous bone graft they were -10.7% + 
18.7%, -8.3% + 4.3%, and 1.4% + 24.7%. Repeated 
measures analysis of variance revealed a statistically 
significant difference among the three implant types 
in all of the dimensions, with p values of .0130, .0258, 
and .0136 for the length, width, and thickness, re- 
spectively. The Duncan multiple range test was used 
to determine which implant type was different. In 
regard to length, the osteoinductive implant was 
significantly different from both the bone graft and 
the demineralized bone (p < .05), which were not 
significantly different from each other. In regard to 
width, the bone graft was significantly different from 
both the osteoinductive implant and the demineral- 
ized bone (p < .05), which were not significantly 
different from each other. In regard to thickness, the 
demineralized bone was significantly different from 
both the bone graft and the osteoinductive implant 
(p< .05), which were not significantly different from 
each other. 


The mean percent volume changes were for demin- 
eralized bone 44.7% + 50.7%, for the osteoinductive 
implants 4.9% + 47.6%, and for the autogenous bone 
graft -17.7% + 27.6% (Fig 4). Repeated measures 
analysis of variance revealed a statistically signifi- 
cant difference among the three implant types, witha 
p value of .0255. With the Duncan multiple range 
test, the volume of the demineralized bone was found 
to be significantly different from those of both the 
bone graft and the osteoinductive implant (p < .05), 
which were not significantly different from each 
other. 


DISCUSSION 


In this study, the xenogeneic osteoinductive im- 
plants were produced by taking a partially purified 
preparation of bovine bone morphogenetic protein, 
reconstituting it with inactive collagenous bone ma- 
trix, and combining this with a biodegradable osteo- 
inductive carrier consisting of 50:50 poly(DL-lactide- 
co-glycolide). The implants were placed in a sub- 
periosteal location on the foreheads of 12 New Zea- 
land White rabbits. In addition, autogenous membra- 


volume present at the end of the study. In addition, the 
dimensions of the implanted materials were carefully 
measured at the beginning and the end of the study to 
assess the conservation of dimensions and volume. 


The short-term results with this implant were quite 
encouraging. The bone produced as a result of this 
implant had a bone replacement and density that was 
not significantly different from that resulting from 
membranous bone grafts and demineralized bone. In 
a larger study, it may be possible to show a statisti- 
cally significant difference in bone replacement and 
bone density; however, this would be of little clinical 
relevance if the resulting bone was strong and re- 
tained the size and shape over the long term. These 
results suggest that in the future, similar implants 
would be a suitable substitute for bone grafts that 
would avoid donor site morbidity. Furthermore, the 
dimensions of the resulting bone compared favorably 
with the original dimensions of the implant. This 
would be an advantage in aesthetic applications, in 
which a precise replication of the deficient tissue is 
important, Purified preparations of bone morphoge- 
netic protein produced from recombinant DNA tech- 
nology are now available in commercial quantities. 
This may allow better results with more easily obtain- 
able materials. 


There is a liability of assessing three different 
materials in a contiguous recipient bed. An implant 
material could conceivably have an effect on the 
osteoinductive effect of an adjacent implant material. 
This would have the greatest effect on the width 
dimension of the bone resulting from the implant 
located between the other two. This effect was com- 
pensated for by varying the relative locations of the 
implants. A similar model was used by Hardesty and 
Marsh? to evaluate craniofacial onlay bone grafts. 


Rabbits are known to have a higher osteogenic 
potential than animals higher on the phylogenetic 
tree.*4 For this reason, similar results might not be 
obtained in primates. 


A final consideration is whether the bone produced 
by osteogenic implants will be durable and not sub- 
ject to resorption. It has been established that endo- 
chondral onlay bone grafts tend to resorb to a signifi- 
cant extent over time, while membranous bone onlay 
bone grafts tend to be more durable.?4 The long-term 
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durability of bone produced from osteogenic im- 
plants remains to be seen. 


It is clear that induced osteogenesis works. The 
challenge now is to find the idea! delivery system to 
hold the osteoinductive proteins in place while bony 
replacement occurs. This delivery vehicle also must 
form an osteoconductive scaffold that will be re- 
placed by bone or into which bone can grow. Bio- 
degradable and nonbiodegradable materials, includ- 
ing ceramics,2>-2’ biodegradable polymers,”’ and clot- 
ted blood,2* are osteoconductive materials that have 
been shown to have potential in this area. 


Last, osteogenic implants may be useful in con- 
junction with pedicle flaps for osseous reconstruc- 
tion. It remains to be established how vigorous and 


durable an osteogenic response can be elicited in such 
a totally heterotopic site. Combining osteoinductive 
implants with pedicle flaps will potentially open new 
possibilities in the reconstruction of osseous defects 
in tissues that have been irradiated or otherwise 
rendered hostile to conventional bone grafting tech- 
niques. 
CONCLUSIONS 

1. The osteoinductive implants were well replaced 
with bone over a 20-week period, with the bone 
comparing favorably in regard to density with autog- 
enous membranous bone grafts and demineralized 
bone. 


2. The shape and size of the resulting bone are a 
reasonably good replication of those of the original 
osteoinductive implant. 
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INTRODUCTION 


A foreign body aspirated in the tracheobronchial 
tree is one of the high-risk accidents of childhood. 
Cohen et al! reported that a peanut is the most 
commonly inhaled foreign body. However, its inha- 
lation is sometimes difficult to diagnose without 
typical symptoms. Previous radiologic methods, in- 
cluding chest radiography, fluoroscopy, computed 
tomography (CT), and radioisotope imaging, cannot 
clearly visualize radiolucent foreign bodies such as 
peanuts. 


Recently, magnetic resonance imaging (MRI) has 
been widely used in otolaryngology. In this report, 
we present a case in which MRI detected an aspirated 
peanut in the main stem bronchus. The images pro- 
vided definitive information for the treating surgeons 
and graphically demonstrated the problems of the 
child to facilitate better understanding by his parents. 





A 
Fig 1. Expiration and aspiration radiography. A) On expiration, air trapping of left lung and mediastinal deviation to right are seen. 
B) On inspiration, mediastinum swings toward left. 


This report discusses the usefulness of MRI in clearly 
detecting a foreign body in the airway. 


CASE REPORT 


A 16-month-old boy was hospitalized with an 8- 
day history of sudden wheezing, constant coughing, 
and fever without a clear history of foreign body 
aspiration. The boy had had recurrent bronchial asthma 
since 12 months of age. On admission, a reduction in 
breath sounds of the left lung was noted. Chest 
radiography demonstrated air trapping of the left 
lung and mediastinal deviation to the right. On expi- 
ration, the mediastinum shifted to the right side. On 
inspiration, it returned to the midline (Fig 1). There- 
fore, an inhaled foreign body in the left bronchus was 
suspected and the family was asked to permit bron- 
choscopy under general anesthesia to confirm and 
remove the foreign body. However, the family wanted 
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Fig 2. Magnetic resonance images. A) Coronal, Tl-weighted, showing high-signal area in left main stem bronchus. B) Axial, T1- 


weighted. 


convincing evidence of the foreign body prior to 
granting permission. To reconfirm the diagnosis, 
chest MRI was obtained (Fig 2). The Tl-weighted 
MRI demonstrated not only air trapping of the left 
lung, but also an intraluminal object of 5-mm diam- 
eter with high signal intensity in the left main stem 
bronchus. The suspected foreign body was confirmed. 
Informed consent was obtained, and removal was 
undertaken by means of ventilating bronchoscopy 
under general anesthesia. Three pieces of a peanut 
and other material, probably nutshell, were success- 
fully removed (Fig 3). The intraoperative observa- 
tions correlated well with the MRI findings. The 
intraoperative and postoperative courses were un- 
eventful. Following this procedure, the patient’s 
wheezing, coughing, and emphysema disappeared. 


DISCUSSION 


Chest radiography, fluoroscopy, CT, and radionu- 
clide imaging have been used in attempts to identify 
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Fig 3. Extracted pieces of peanut and vegetable material 
(probably nutshell). Scale is in centimeters. 


an inhaled foreign body. The most common type of 
inhaled foreign body is a piece of nut (55%), followed 
by food particles (20%) and metallic objects (16.7%).! 
Moskowitz et al? reported that only 10% to 15% of 
foreign bodies are radiopaque. Because a large num- 
ber of inhaled foreign bodies are radiolucent, radio- 
graphic diagnosis mainly depends on secondary 
changes such as obstructive emphysema, atelectasis, 
pneumonia, and mediastinal shift. 


Magnetic resonance imaging is noninvasive and 
does not involve ionic radiation exposure. It also has 
major advantages in the high resolution of soft tissue 
and multiplanar imaging capability.34 As this case 
report shows, MRI also allows excellent contrast 
between the air-filled lumen and the peanut. More- 
over, coronal MRI superbly delineated the anatomy 
of the carina and the main stem bronchus.° 


The disadvantages of MRI in pediatric patients 
include a relatively long data acquisition time, the 
need for sedation or anesthesia, the difficulty of 
monitoring, and the higher cost.4 In this case, defini- 
tive information was obtained with MRI. Direct and 
graphic demonstration of the foreign body convinced 
the family of the necessity for bronchoscopy and 
provided useful preoperative information for safer 
removal. Magnetic resonance imaging may be a 
useful adjunct in diagnosis of complicated airway 
foreign bodies. 


CONCLUSION 


Magnetic resonance imaging directly visualized 
an inhaled peanut, which was not visible by conven- 
tional radiologic methods. It may be a useful adjunct 
in diagnosis of complicated foreign body aspiration. 
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Extranodal lymphomas account for as many as 40% of non-Hodgkin’s lymphomas, and most arise in the gastrointestinal tract, but 
other mucosal organs may be involved, especially the upper aerodigestive tract. Low-grade B-cell lymphomas arising in the gastro- 
intestinal tract and other mucosae have been found to recapitulate the structure and cytologic features of mucosa-associated lymphoid 
tissue (MALT). Histologically low-grade MALT lymphomas are characterized by centrocyte-like B-cells with a phenotype similar to 
that of so-called marginal zone B-cells. Tumors evolving from MALT are generally rare among lymphomas of the upper aerodigestive 
tract, but a few cases of laryngeal lymphomas derived from MALT have been reported. Primary MALT lymphoma of the larynx should 
always be considered in tumors with histopathologic features of low-grade B-cell lymphoma, or so-called pseudolymphoma. 


INTRODUCTION 

Non-Hodgkin’s lymphomas (NHLs) arising in tis- 
sues or organs other than lymph nodes are designated 
as extranodal lymphomas. These account for a con- 
siderable proportion of all malignant lymphomas. 
Freeman et al! reported up to 40% of all lymphomas 
to be of extranodal origin. Most extranodal lymphomas 
arise in the gastrointestinal tract, but other mucosal 
organs may also be involved, especially the upper 
aerodigestive tract.” It is noteworthy, however, that 
primary gastric lymphoma, the most frequent subtype 
of extranodal NHL, occurs in an organ without pre- 
existing mucosa-associated lymphoid tissue (MALT). 
Histologically, MALT consists of specialized lym- 
phoid tissue protecting permeable mucosal sites that 
are in direct contact with the external environment. 
According to Isaacson and Norton,2 MALT com- 
prises three different compartments: 1) organized 
lymphoid follicles with a special B-cell zone exter- 
nal to the mantle zone (these B-cells resemble cen- 
trocytes in appearance and have therefore been pos- 
tulated to represent the normal equivalent of the neo- 
plastic lymphocytes found in MALT lymphoma or 
MALToma?); 2) plasma cells and lymphocytes dif- 
fusely infiltrating the lamina propria; and 3) intra- 
epithelial lymphocytes, almost all belonging to the 
T-cell lineage with the phenotype of cytotoxic cells 
(CD3+, CD8+, CD5+, CD4-). 


A diagnostic problem common to all extranodal 
lymphomas is their distinction from reactive lym- 


phoid infiltrates or localized hyperplasia of MALT. 
This is often very difficult on the basis of histopatho- 
logic findings alone, because malignant lymphoma 
may simulate the basic infiltration patterns of benign 
lymphoid infiltrates.4 Because many malignant lym- 
phomas of mucosal sites follow a relatively benign 
clinical course, a considerable proportion of MALT 
lesions were formerly termed pseudolymphoma. It is 
now possible to discriminate accurately between re- 
active and neoplastic lymphoid infiltrates in most 
cases, however, using immunohistochemical and — 
when necessary — molecular biological techniques 
(in situ hybridization, polymerase chain reaction, 
etc). Thus, the term pseudolymphoma can only be 
applied in very rare instances in which the lesion can 
be proven to be reactive. 


The features of extranodal lymphomas are far less 
well documented than those of node-based lym- 
phomas. The current classification systems for ma- 


lignant lymphoma focus on nodal tumors, and the 


assumption is made that they can be extrapolated to 
extend to extranodal tumors. However, there are 
extranodal tumors that have no nodal counterpart, 
and although a few are mentioned specifically, there 
is no Classification system that covers the whole 
spectrum of extranodal lymphomas. A summary of 
the main subtypes in the Updated Kiel Classification 
of NHL is given in Table 1.5 Interestingly, a recent 
classification of NHL proposed by an International 
Lymphoma Study Group includes extranodal low- 
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TABLE 1. EXCERPT FROM UPDATED KIEL 
CLASSIFICATION SYSTEM OF MALIGNANT 
NON-HODGKIN’S LYMPHOMAS 

B-cell neoplasms 

Low-grade NHL 
Lymphocytic (chronic lymphocytic leukemia) 
Lymphoplasmacytic, lymphoplasmacytoid 

(immunocytoma) 

Plasmacytic (plasmacytoma) 
Centroblastic, centrocytic 
Centrocytic (mantle cell lymphoma) 

High-grade NHL 
Centroblastic 
Immunoblastic 
Lymphoblastic 
Burkitt’s lymphoma 

T-cell neoplasms 

Low-grade NHL 
Lymphocytic (chronic lymphocytic leukemia) 
Small cell, cerebriform (mycosis fungoides) 
Lymphoepithelioid (Lennert’s lymphoma) 
Angioimmunoblastic | 
T-zone lymphoma 
Small cell, pleomorphic 

High-grade NHL 
Large cell, pleomorphic 
Immunoblastic 
Large cell, anaplastic (Kil+) 
Lymphoblastic 

Information from Lennert and Feller.’ 
NHL — non-Hodgkin's lymphoma. 


grade B-cell lymphomas of MALT type under the 
category marginal zone B-cell lymphoma (Table 2°). 
The main difference relating to NHL between these 
two systems lies in the fact that Harris et alf make a 
distinction between precursor neoplasms of B- or T- 
cell origin (ie, lymphoblastic lymphoma, leukemia) 
and peripheral B- or T-cell lymphomas, while the 
Kiel Classification has always differentiated between 
low-grade and high-grade lymphomas.’® 


CONCEPT OF MALT LYMPHOMA 


On the basis of observations in cases of immu- 
noproliferative small intestinal disease (IPSID) and 
primary low-grade B-cell lymphoma of the stomach, 
Isaacson and Wright? suggested that lymphomas 
arising from MALT constitute a distinct clinicopath- 
ological entity. These observations were later ex- 
tended to include similar malignant lymphomas aris- 
ing in other mucosal tissues and organs.!° Histopatho- 
logically typical MALToma is defined by the pres- 
ence of intermediate-size centrocyte-like cells with 
infiltration of reactive lymphoid follicles, formation 
of lymphoepithelial lesions, and associated plasma- 


TABLE 2. LIST OF B-CELL LYMPHOMAS ACCORDING 
TO REVISED EUROPEAN-AMERICAN LYMPHOMA 
CLASSIFICATION 
Precursor B-lymphoblastic lymphoma, leukemia 
B-cell chronic lymphocytic leukemia, prolymphocytic 
leukemia, small lymphocytic lymphoma 
Lymphoplasmacytoid lymphoma 
Mantle cell lymphoma 
Follicular center lymphoma, follicular 
Grade I 
Grade I 
Grade II 
Follicular center lymphoma, diffuse, small cell (provisional) 
Marginal zone B-cell lymphoma 


Extranodal marginal zone B-cell lymphoma (low-grade 
B-cell lymphoma of MALT type) 


Nodal marginal zone B-cell lymphoma (provisional) 
Splenic marginal zone B-cell lymphoma (provisional) 

Hairy cell leukemia 

Plasmacytoma, myeloma 

Diffuse large B-cell lymphoma 

Primary mediastinal large B-cell lymphoma 

Burkitt’s lymphoma 

High-grade B-cell lymphoma, Burkitt-like (provisional) 

Information from Harris et al.® 


cytic differentiation.’ The clinical features of MALT 
lymphomas were found to differ significantly from 
those of nodal low-grade B-cell lymphomas, in that 
MALT lymphomas tend to remain localized to their 
site of origin for a long time, they rarely disseminate 
to the bone marrow, and they can often be success- 
fully treated by surgical excision.* However, the fact 
that MALT lymphomas only infrequently arise in 
sites in which MALT is most abundant, and most 
commonly arise at sites normally devoid of MALT 
(particularly the stomach) is a serious obstacle to this 
concept. It is known that the development of MALT 
lymphomas of salivary glands is always preceded by 
myoepithelial sialadenitis, and that gastric lymphoma 
is always associated with chronic Helicobacter py- 
lori infection, with acquired MALT always being 
found in the gastric mucosa. Therefore, acquired 
MALT appears to be of major importance in the 
development of MALT lymphomas at sites normally 
devoid of MALT.? It has also recently been shown 
that a considerable proportion of patients initially 
considered to have myoepithelial sialadenitis may in 
fact have aclonal B-cell proliferation, ie, a low-grade 
NHL.: 


HISTOPATHOLOGY AND CLASSIFICATION OF 
MALT LYMPHOMAS 
As mentioned above, typical MALT-type low- 
grade lymphoma consists of medium-size centro- 
cyte-like tumor cells with an irregular nuclear con- 
tour. These cells show a characteristic growth pat- 
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tern, surrounding follicles and infiltrating the epithe- 
lium with the formation of lymphoepithelial lesions 
that are almost pathognomonic. The follicles them- 
selves, although typical of MALT lymphoma, are re- 
active in nature.2!0 Plasmacytic differentiation is a 
common feature of MALT lymphoma, so that it is 
often difficult to distinguish such tumors from the 
lymphoplasmacytic variant ofimmunocytoma, which 
may also occur as a primary extranodal lymphoma. 


Because there are considerable morphologic simi- 
larities between the tumor cells of MALT lymphoma 
and those of two recently defined types of primary 
nodal lymphoma, namely, monocytoid B-cell lym- 
phoma and marginal zone B-cell lymphoma, it is 
often impossible to differentiate between these enti- 
ties on the basis of histopathologic findings alone, 
and immunohistochemical investigation may be nec- 
essary. The tumor cells of MALT lymphomas typi- 
cally exhibit the following immunophenotype: slgM+, 
(cIg+), CD5-, CD19+, CD20+, CD22+.? Lack of 
reactivity for CD5 may be very helpful in distinguish- 
ing MALT lymphoma from infiltrates of CD5+ 
chronic lymphocytic leukemia and node-based mantle 
cell lymphoma.® 


There is no doubt that MALT lymphoma may un- 
dergo transformation to high-grade malignant lym- 
phoma, with loss of most ofits typical histopathologic 
features, and in a significant proportion of gastroin- 
testinal lymphomas presenting as high-grade tumors, 
foci of typical low-grade MALT lymphoma can be 
identified.!* Without these foci, high-grade MALT 
lymphomas cannot be reliably classified as being of 
MALT origin. 


LYMPHOMAS OF LARYNX 


Lymphoid neoplasms are relatively common in the 
upper aerodigestive tract. However, in contrast with 
the situation in the gastrointestinal tract, typical MALT 
lymphomas are rare in this region?; some authors 
have even denied their existence at this site.!3 Pri- 
mary lymphoid tumors very rarely occur in the lar- 
ynx. The most common type of primary laryngeal 
lymphomais extramedullary plasmacytoma.!4 Sixty- 
five cases of NHL with primary involvement of the 
larynx have been published. !° 


A total of 11 cases designated as pseudolymphoma 
or lymphoid hamartoma of the larynx were reported 
up to 1984.16 This was before the advent of immuno- 
histochemical techniques, so the diagnosis seems to 
be questionable, at least.‘ It is important to note that 
no further cases of laryngeal “pseudolymphoma” 
have been published since the recognition of MALT 
lymphoma as a distinct entity. 


PRIMARY LARYNGEAL LYMPHOMA AND MALT 
LYMPHOMA CONCEPT 


Any retrospective evaluation of the histopathologic 
features of reported cases of primary laryngeal 
lymphoma is impeded by the fact that various, funda- 
mentally different classification systems for malig- 
nant lymphoma have been used and some terms, such 
as lymphosarcoma or reticulum cell sarcoma, used in 
older case reports, are now obsolete, The termino- 
logical problems are exacerbated by the fact that even 
now there is no widely accepted classification system 
for extranodal lymphoma. Moreover, the exact sub- 
typing oflymphoid neoplasms by immunohistochemi- 
cal methods came into general usage only in the mid- 
1980s, when antibodies for use on routinely pro- 
cessed biopsy specimens became available. 


Our retrospective analysis, which must be regarded 
in the light of these limitations, has shown that 
laryngeal high-grade lymphomas are twice as com- 
mon as those of low-grade malignancy and that B- 
cell tumors are far more common than T-cell tumors, 
with a ratio of about 6:1.5 


Most of the recently published cases of high-grade 
primary laryngeal lymphoma were classified either 
as centroblastic or as immunoblastic lymphoma!?.!8 
on the criteria of the Updated Kiel Classification. A 
considerable proportion of the tumors of low-grade 
malignancy were classified as immunocytomas. The 
rarely reported primary laryngeal lymphomas of T- 
cell origin were subtyped as mycosis fungoides or as 
polymorphic reticulosis,!9-22 


Only 3 cases of laryngeal MALT-type low-grade 
lymphoma of the larynx have been reported.2:23.24 In 
the case reported by Hisashi et al,24 primary laryngeal 
malignant lymphoma coexisted with a squamous cell 
carcinoma. Isaacson and Norton? described a multi- 
focal low-grade B-cell lymphoma of the upper aero- 
digestive tract with involvement of the nose and 
larynx. Although in the case of Diebold et al,” a 
diagnosis of primary laryngeal lymphoplasmacytic 
lymphoma (which, by definition, is a nodal-type 
lymphoma) was established, the tumor exhibited 
histopathologic features typical of MALT lymphoma, 
such as predominant proliferation of centrocyte-like 
cells, lymphoepithelial lesions, and reactive follicles 
with germinal centers. Thus, Diebold et al? them- 
selves considered this tumor as a MALT lymphoma. 
We have recently seen a multicentric MALT lym- 
phoma of the upper aerodigestive tract with involve- 
ment of Waldeyer’s ring and the larynx (see Figure). 
A further case report of a multifocal low-grade lym- 
phoma of the upper aerodigestive tract involving the 
larynx, soft palate, and nasal cavity contains only a 
very brief histologic description of the tumor, which 
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original x350). There are dense aggregates 
of lymphoid cells in subepithelial connec- 
tive tissue. Note that tumor cells do not 
exhibitepitheliotropism. C) At higher mag- 
nification, two types of lymphoid cells can 
be clearly discriminated: on left, small lym- 
phocytes with round nuclei containing 
dense chromatin, and on right, medium- 
size lymphocytes with ovoid or irregularly 
contoured nuclei with little chromatin (PAS, 
original x560). Note small nucleoli in con- 
siderable proportion of medium-size lym- 
phocytes. (Continued on next page.) 
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(Continued) D) Immunohistochemical 
staining also demonstrates pseudofollicu- 
lar growth pattern of lymphoma, in that 
most of lymphocytes surrounding pseudo- 
follicular structures (consisting mainly of 
nonreactive, medium-size lymphocytes) 
are stained by T-cell marker BF1 and there- 
fore apparently belong to nonneoplastic 
cell clone (BF1, avidin-biotin peroxidase 
complex [ABC] method, original x140). E) 
At higher magnification it is clear that 
medium-size lymphocytes are not reactive 
with BF1, but most of loosely scattered 
small lymphocytes are stained (BF1, ABC, 
original x350). F) Annular, ie, specific, 
staining of medium-size lymphocytes by 
B-cell—associated monoclonal antibody 
L26 is seen (L26/CD20, ABC, original 
x350). 


w Sy., 

e“ -i 

F è aS Ey y 
` & am | 


he 


mS 


Tesh 


= 
pH 


a s i a? San 
J A = : -fn % g 
age ee = 8 
. r ] > E a we =) a. a | <€ 
‘> : A / ee. x d 
Dag J a 
ry nd a - j Ap > N D C] 
\ om. D Si a > 
. 7 A "j h, > bet * b 
i r v < X ` 
~Il { A J s 
j 


“9 


we > 
CRS. 
P 





" 
$. 


w 
La 


D 


582 Horny et al, Clinicopathological Consultation 


was definitively subtyped by the authors as a nodal- 
type low-grade lymphoplasmacytic lymphoma, so its 
classification as a MALT lymphoma does not seem 
justified.” 


The larynx may contain diffuse and follicular lym- 
phoid tissue even in healthy subjects. This is located 
mainly in the supraglottic portion and in the laryngeal 
ventricle, and is sometimes referred to as laryngeal 
tonsil.26 MacLennan and Schofield?’ recently sug- 
gested that primary laryngeal lymphomas probably 
arise from this lymphoid tissue. 


Laryngeal MALT lymphoma (like other laryngeal 
lymphomas) is usually confined to the sites of origin 
at diagnosis, although in some cases there is also 
involvement of adjacent lymph nodes (stage IE or 
IIE); its prognosis is consequently better than that of 
nodal low-grade lymphoma. However, there is no 
general agreement as to the most suitable treatment 


for laryngeal lymphoma. 


We feel that the following conclusions can be 
drawn. 


1. Because most of the reported cases of primary 
laryngeal lymphoma were diagnosed as being of 
high-grade malignancy and apparently contained no 
areas of low-grade lymphoma, it is impossible to 
establish whether these tumors were of MALT ori- 
gin. 


2. Primary MALT lymphoma of the larynx should 
always be considered in tumors with histopathologic 
features of low-grade B-cell lymphoma, or so-called 
pseudolymphoma. | 


3. Tumors evolving from MALT are rare among 
lymphomas of the upper aerodigestive tract in gen- 
eral, but a few cases of laryngeal lymphomas with the 
characteristic histopathologic features of MALT- 
type tumors have been reported. 
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~ 
OTOLARYNGOLOGY UPDATE 


The University of California Otolaryngology Update 1996 will be held in San Francisco, California, November 7-10, 1996. For more 
information, please contact University of Califomia, Office of Continuing Medical Education, 1855 Folsom St, MCB-630, Box 0742, 
San Francisco, CA 94143-0742; telephone (415) 476-4251; fax (415) 476-0318. 


LETTERS TO THE EDITOR 


To the Editor: 


I was interested in the recent article by Maschka et al (Ann Otol 
Rhinol Laryngol 1996;105:70-1), who reported a case of pros- 
tatic cancer metastatic to the orbit and ethmoid sinus. The authors 
stated that only two cases of prostatic metastases to the paranasal 
sinuses have been previously reported in the literature: one in the 
ethmoid and one in the maxillary sinus. However, I would like to 
add that we reported a case of prostatic metastases involving all 
paranasal sinuses in 1993 and reviewed the previous literature, 
which showed seven other cases.! 


Hesham A. Saleh, FRCS 
Derriford Hospital 
Plymouth PL6 8DH 
England 
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To the Editor: 


I am writing concerning the paper of Drs Batsakis and El- 
Naggar, “Papillary Neoplasms (Heffner’s Tumors) of the Endo- 
lymphatic Sac” (Ann Otol Rhinol Laryngol 1993;102:648-51). I 
have already communicated with Dr Batsakis to inform him and 
his coauthor that we were the first to postulate, in 1985, the 
endolymphatic sac origin of a papillary tumor in a petrous bone 
(of a 36-year-old man).! We came to this conclusion after 
detailed light and electron microscopic and immunchistochemi- 
cal studies of the normal human endolymphatic sac from autop- 
sies, study of the epithelium of this man’s tumor, and studies of 
a choroid plexus papilloma and papillary thyroid carcinoma that 


were considered in the differential diagnosis. 


Like Dr Heffner, who wrote extensively about these tumors 4 
years later in 1989,2 we derived our hypothesis from firsthand 
knowledge of a small papillary adenoma in the endolymphatic. 
sac that was serendipitously discovered by Hassard et al, during 
a decompression procedure for Meniere’s disease, and reported 
in 1984. Dr Hassard, a.practicing ear surgeon, was a former 
colleague of ours in Halifax, and I was the neuropathologist to 
whom this lesion of the endolymphatic sac was first shown. 
While it resembled a choroid plexus papilloma, we realized that 
Dr Hassard and his collegues had encountered a tumor in the 
endolymphatic sac that had not been previously recognized. This 
lesion was also referred to the Armed Forces Institute of Pathol- 
ogy and was an index case in Dr Heffner’s 1989 paper.’ I trust 
your journal will consider these facts in their proper perspective. 


V. E. Sangalang, MD 

Division of Anatomic Pathology 
Section of Neuropathology 
Victoria General Hospital 

1278 Tower Road. 

Halifax, Nova Scotia, B3H 2Y9 
Canada : 
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BOOK REVIEW 


Hereditary Hearing Loss and Its Syndromes 


Robert J. Gorlin, Helga V. Toriello, and M. Michael Cohen, Jr. 
Hard cover, illustrated, indexed, 488 pages, 1995. Oxford 
University Press, New York, NY, $195. 


This volume is a sequel to the 1976 text by Konigsmark and 
Gorlin, Genetic and Metabolic Deafness. The general format is 
the same. That is to say, the various forms of hereditary hearing 
losses are considered, then syndromal deafness is classified 
according to structure as external ear, eye, kidney, nervous 
system, endocrine disease, chromosomal disorders, integumen- 
tary disorders, oral and dental disorders, and miscellaneous 
disorders. 


Included in the present volume is a brief history of genetic 
hearing loss, an approach to the process of syndrome delineation, 
epidemiology, etiology, genetic patterns, and embryology of the 
ear 

Itis estimated that new syndromes are being described at a rate 
of one or more per week, although some represent variable 
expressions of previously reported conditions. There are newly 
recognized conditions. The reason for these new discoveries is 
the advances in human cytogenetics, which has passed through 
various stages since the 1950s. This is well conveyed in the 
opening chapters of the book. Stage 1, from 1956 to the 1960s, 
detected mostly abnormalities of chromosome number and few 
structural aberrations. In 1970, stage 2 consisted of banding 
techniques that led to a large number of interstitial and terminal 
deletions and duplications, double deletion, deletion duplication, 
and double duplication. The third stage was introduced in the 
1980s and included prometaphase staining and combining cya- 
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nogenic and molecular methods for identifying microdeletions 
and for gene mapping. 

In fact, it is said that so much progress has been made in 
genetics that now it is easier to identify a hereditary hearing loss. 
That is true when a syndrome can be identified; then it becomes 
easy. Twenty-three types of hereditary hearing loss with no 
associated abnormalities weré considered in chapter 5. In such 
cases I still find it difficult to diagnose hereditary hearing loss and 
especially to differentiate hereditary loss from that of congenital 
viral origin (when, as is typical, proper viral urine cultures are not 
done at birth). 


Also, in chapter 5, there are statements that need clarification 
such as follows. How does vestibular testing differentiate auto- 
somal dominance from recessive hearing loss? Too, there is not 
a clear-cut definition to differentiate congenital from acquired 
hearing loss. Midfrequency sensorineural hearing loss is caused 
by prenatal rubella, ototoxins, or noise trauma. Is this true? The 
definition of Mondini dysplasia is characterized by 1'/2 turns of 
bony cochlea rather than the usual 2'/2 turns. Why can’t it be any 
variation from the normal 2'/2 tums? Such questions do not 
detract from this very scientific, outstanding, comprehensive 
book, which will facilitate the differential diagnosis for the 
clinician, as well as enhance the knowledge of clinical signs of 
the various syndromes, their hereditary and biochemical back:, 
ground, and their enzymatic deficiencies. ` 

This book is recommended as a reference for every otolaryn- 
gologist, along with paramedical supporters of the specialty. 

DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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EFFECT OF STENTING ON GRAFT VASCULARIZATION 
AFTER LARYNGOTRACHEOPLASTY 


THOMAS C. LOGAN, MD 
DOUGLAS E. HENRICH, MD WILLIAM W. SHOCKLEY, MD 
CHAPEL HILL, NORTH CAROLINA 


The management of pediatric airway stenosis has been an important topic of debate over the last few decades as prolonged intubation 
has become more common in the neonate. Although many surgical options are available, most would agree that use of expansion 
techniques (laryngotracheoplasty) with cartilaginous grafting is the procedure of choice for the severely stenotic airway. Controversy 
persists, however, regarding the role of stents. Advocates feel that stents serve to counteract scar contracture and support the newly 
constructed airway. In contrast, recent studies suggest that stenting results in impaired wound healing and an increased complication rate. 
The present study addresses the effect of stenting on the vascularization of cartilaginous grafts in an animal model. Thirty-six New 
Zealand white rabbits were evaluated after laryngotracheoplasty with autogenous cartilage grafting. Half of the animals were stented with 
a 2-cm section of an endotracheal tube that was secured just below the glottis. Three rabbits from each group were then painlessly 
sacrificed on days 4, 6, 8, 10, 14, and 21. Gross and histologic comparisons of the stented and nonstented specimens revealed similar 
wound healing. Measurements of graft vascularization were obtained with a computerized image measurement program, and a 
comparison was made regarding the rate of vascularization. There was a statistically significant increase in the rate of vascularization 
in the stented group (mean 73% versus 55% at day 10; p <.05). This analysis suggests that stenting does not inhibit early wound healing 
and specifically graft vascularization after laryngotracheoplasty. 


KEY WORDS — graft vascularization, laryngotracheoplasty, stent, subglottic stenosis, wound healing. 


INTRODUCTION 


The incidence of acquired subglottic stenosis has 
risen significantly over the past three decades, as 
prolonged endotracheal intubation has become the 
standard of ventilatory support in the neonate and 
infant. Recent literature suggests an incidence of 
2.5% in neonates subjected to long-term intubation.! 
Most authorities agree that an expansion technique 
(laryngotracheoplasty) with cartilaginous grafting 
provides the best opportunity for correction of the 
severely stenotic airway. However, clinical results of 
this technique are unpredictable, as indicated by the 
reported decannulation rates of 60% to 92%.2-4 


Postoperative stenting of the reconstructed airway 
has been implicated as a source of poor wound 
healing and graft failure. Olson° has stated that stents 
are best avoided in the reconstructed airway, and a 
number of experimental studies have supported this 
view. In one of the first studies, Thomas and Stevens® 
evaluated airway healing after controlled laryngeal 
injury in dogs and found that the nonstented group 
had less stenosis and decreased granulation tissue 
compared to three other groups stented with various 
stenting materials. Albert et al? concluded that an 


increase in duration of stenting in the undamaged 
rabbit trachea was associated with increased inflam- 
mation. Wiatrak et al® investigated the effect of 
stenting on the reconstructed airway using a goat 
model and found that there was increased inflamma- 
tion and decreased epithelialization in the stented 
group. 

An important component of wound healing and 
graft survival that has not been examined in regard to 
the effects of stenting is the rate of revascularization 
of the cartilage graft. Cotton? suggested that the 
increased neochondrification of posterior laryngeal 
grafts in his rabbit study might be attributable to the 
more vascular nature of the posterior airway. In 
another animal study of airway reconstruction, Shock- 
ley!9 stated that revascularization of cartilage grafts 
was essential to successful reconstruction. Thus, the 
effects of stenting on vascular ingrowth to a newly 
placed graft may have a significant impact on graft 
survival and postoperative success. The present study 
was designed to address this question using a rabbit 
model of laryngotracheoplasty and cartilage graft- 
ing. 

MATERIALS AND METHODS 
Forty juvenile New Zealand white rabbits (13 to 15 
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Fig 1. Experimental protocol. A) Midline division of 

lower third of thyroid cartilage, cricoid cartilage, and first 
- tracheal ring. B) Retraction of-cut margins of airway. C) 

Auricular cartilage graft sewn to anterior airway defect. 


weeks of age) underwent identical laryngotracheo- 
plasty procedures and postoperative care as described 
below. The study protocol was approved by an Inter- 
nal Animal Care and Use Committee prior to initia- 
tion. Each animal was administered an intramuscular 
injection of ketamine hydrochloride 30 mg/kg and 
xylazine hydrochloride 6 mg/kg for general anesthe- 
sia. All animals were allowed to breathe spontane- 
ously without the use of an artificial airway. in 
addition, each animal was given an intramuscular 
injection of penicillin G 60,000 units/kg. The neck 
and the dorsal aspect of the right ear were shaved. The 
right ear was prepared with povidone-iodine and 
alcohol and draped with sterile towels for graft har- 
vesting. A skin incision was made at the base of the 
ear, and a'25 x 10-mm section of auricular cartilage 
was harvested. Care was taken to preserve the peri- 
chondrium on at least one side of the graft. The 
cartilage was immediately cut into.a 17 x 5-mm boat- 
shaped graft by means of a standardized template and 
then placed in a saline-soaked gauze to keep moist 
prior to placement. The skin incision was closed with 
continuous 4-0 Prolene, and Bacitracin Zinc Oint- 
ment was applied to the wound. 


The rabbit was then placed supine with the ears 
tucked and the neck extended. The surgical field was 


prepared and draped in a sterile fashion. With a 
scalpel, a midline ventral neck incision was made and 
carried down to the strap muscles. The strap muscles 
were bluntly separated in the midline and retracted 
laterally to expose the trachea. The lateral paratracheal 
tissues were left undisturbed to prevent disruption of 
the tracheal blood supply. An anterior laryngofissure 
was performed. The incision extended from the lower 
third of the thyroid cartilage Gust below the glottis) 
through the cricoid cartilage and first tracheal ring 
(Fig 1A). One half of the animals were randomly 
assigned to receive an intraluminal stent. A 2-cm 
portion of a polyvinyl endotracheal tube (outside 
diameter 4.8 mm) was secured to the lower portion of 
the thyroid cartilage with a through-and-through su- 
ture of 4-0 polypropylene. The sutures were secured 
to the strap muscles on each side. The stent did not 
extend through the level of the true vocal.cords. 


The cartilage graft was placed into the laryngo- 
fissure, with the preserved perichondrium on’ the 
intraluminal surface. Six 6-0 polypropylene sutures 
were used to secure the graft to the inferior margin of 
the thyroid cartilage, the cricoid cartilage, and the 
first tracheal ring (Fig 1C). The strap muscles were 
reapproximated in the midline with continuous 4-0 
polyglactin suture, and the skin edges were closed 
with continuous 4-0 polypropylene suture. An antibi- 
otic ointment was applied. All rabbits were housed in 
approved animal facilities and fed a standard diet of 
rabbit chow and water. 


Three animals from the stented group and 3 from 
the control group were painlessly sacrificed on days 
4,6, 8, 10, 14, and 21. An intramuscular injection of 
ketamine hydrochloride 30 mg/kg and xylazine hy- 
drochloride 6 mg/kg was administered for general 
anesthesia. By aseptic technique, the abdomen was 
entered and the abdominal aorta was cannulated to 
the aortic arch with a polyethylene catheter. Approxi- 
mately 10 mL of India ink (Hunt brand) was instilled 
slowly through the catheter to allow staining of the 
vasculature of the head and neck. Adequate staining 
was determined by involvement of the oral mucosa. 
The rabbit was immediately sacrificed with an intra- 
muscular overdose of ketamine and xylazine. The 
airway was then harvested and placed in a 10% 
paraformaldehyde buffered solution. Stents were re- 
moved at the time of sacrifice to allow for adequate 
fixation of the tissues adjacent to the stent. 


Graft vascularization measurements were obtained 
by the primary author (T.C.L.) in a blinded fashion. 
Each airway was divided posteriorly and retracted to 
reveal the intraluminal portion of the graft. The 
airway was visualized with epi-illumination using a 
Wild stereo-dissecting microscope. A video camera 


Logan et al, Stenting & Graft Vascularization 587 


Fig 2. Photomicrographs of intraluminal 
views of representative cartilage grafts on 
postoperative day 10. A) From nonstented 
rabbit (48% vascularized). B) From stented 
rabbit (71% vascularized). Note organized 
vascular markings and increased area of graft 
vascularized in stented group. 


(MTI model CCD 72S) was attached to the micro- 
scope for digital video image analysis of the graft. 
The image was captured, digitized, and stored in the 
memory board (FG100-AT, Series 100; Imaging 
Technology) within an IBM AT computer. The digi- 
tized image was then labeled by number only and 
uncoded after two individual measurements had been 
performed. The area of graft devoid of vascular 
supply was outlined with a mouse-driven cursor and 
calculated by a software program (ImageMeasure; 
Microscience). The percentage of graft vasculariza- 
tion was calculated by subtracting the area of graft not 
vascularized from a previously determined value of 
total graft area. 


Histologic preparation of the tissues was performed 
after all measurements were obtained and photo- 
documentation had been completed. The tissues were 
dehydrated with graded ethanol washes (30%, 50%, 
75%, 95%, and 100%) followed by two xylene washes. 
The tissues were embedded in paraffin and serially 
sectioned 8 um thick by means of a microtome. The 
sections were mounted on glass slides, stained with 
hematoxylin and eosin, and covered. 


The prepared tissues were submitted in a blinded 
fashion to a board-certified pathologist for histologic 
analysis and comparison. Specific criteria for com- 
parison included the character of the epithelium, the 
presence or absence of squamous metaplasia, the 
presence or absence of cilia, the character of inflam- 
mation, and the presence or absence of cartilage 
necrosis and/or ulceration. 


RESULTS 
A total of 40 rabbits underwent laryngotracheo- 





plasty. Four were excluded from analysis because of 
postoperative complications. One rabbit died of an 
anesthetic overdose, another of pneumonia. Two 
rabbits (1 stented and 1 nonstented) had no evidence 
of complications until the time of sacrifice, at which 
time they were noted to have purulence in the soft 
tissues of the neck with graft dehiscence. Neither 
developed respiratory distress. The remaining 36 
rabbits constituted the study group. Relatively com- 
mon postoperative findings included decreased oral 
intake on the first postoperative day and mild upper 
airway noise (more common in the stented group) for 
the first several postoperative days. 


Three animals from both the stented group and the 
nonstented group were sacrificed on postoperative 
days 4, 6, 8, 10, 14, and 21. Clinical observations of 
the dissected specimens, statistical analysis of vascu- 
larization, and histologic analysis are described be- 
low. 


Clinical Observations. Tracheal specimens from 
animals sacrificed on postoperative day 4 were char- 
acterized by bridging of the step-off between the cut 
surface of the tracheal lumen and the graft. Initially 
there appeared to be a disorganized accumulation of 
mucosa and underlying stroma from which the regen- 
erating epithelium arose. In specimens from animals 
sacrificed on postoperative days 6 through 10, a 
leading edge of small capillaries trailed the epithelial 
border, extending toward the center of the graft (Fig 
2). The regenerated epithelium and vascularization 
first met in the central area of the graft. The remaining 
superior and inferior areas of graft barren of vascular- 
ization filled in at various rates. 


The vascular organization of the newly placed 
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graft was characteristically different between the two 
groups. The native laryngeal mucosa surrounding the 
graft supplied the origin of epithelium with its blood 
supply. The stented group displayed an increase in 
the number of vessels within this surrounding area as 
compared to the control group (Fig 3). This differ- 
ence remained consistent at each day of sacrifice. In 
addition, as the graft became completely vascularized, 
the multitude of small capillary channels that tra- 
versed the graft responded differently. In the control 
group there was a decrease in vascular density, leav- 
ing a somewhat organized pattern of vascularity (Fig 
3A). The stented group, however, showed a persis- 
tence of this hypervascularity, with less reorganiza- 
tion (Fig 3B). 


Statistical Analysis. The statistical analysis for 
percent graft vascularization focused primarily on 
the data from days 6, 8, and 10. The 4-day group 
revealed minimal vascular ingrowth in both the stented 
and control animals. By day 14 all grafts had been 
completely vascularized. The comparisons between 
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Fig 3. Photomicrographs of intraluminal 
views of representative cartilage grafts on 
postoperative day 21. A) From nonstented 
rabbit. B) From stented rabbit. Both grafts 
are completely epithelialized and vascular- 
ized, but stented specimen is characterized 
by hypervascularity and decreased vascular 
organization. 


stented and nonstented groups and among days 6, 8, 
and 10 were based on a corresponding two-way 
analysis of variance (ANOVA) statistical model. The 
use of this method was justified through an expanded 
model that indicated that the difference between the 
stented and nonstented groups at any given day was 
consistent across each of the study days (p > .25). 
Thus, the model applying this assumption was sup- 
ported. 


When this ANOVA model applied the compo- 
nents for day and percent graft vascularization of 
each group, there was a statistically significant dif- 
ference between the stented and nonstented groups. 
Figure 4A shows the average percentage of graft 
vascularization of each group with respect to time. 
Figure 4B is a scattergram of the percentage of graft 
vascularization for each animal with respect to time. 
The 4-day groups showed limited vascularization 
and were basically identical in graft vascularization. 
However, a comparison of the 6-, 8-, and 10-day 
groups showed an increase in vascularization of the 
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Fig 4. A) Average cartilage graft vascularization with respect to day of sacrifice. Bars show standard deviation. B) Scatter plot 


of cartilage graft vascularization with respect to day of sacrifice. 
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stented rabbits as compared to the controls (p < .05). 
There was an average 18% increase in vasculariza- 
tion at each of these days. All grafts were completely 
vascularized by day 14 and remained vascularized 
through day 21. 


Histologic Analysis..Histologic analysis revealed 
similar early wound healing characteristics in the 
stented and nonstented groups. There was an early 
influx of inflammatory cells into all of the specimens 
with a predominance of polymorphonuclear leuko- 
cytes. The epithelium overlying the graft was initially 
nonciliated columnar; however, by day 10 there was 
a transition into pseudostratified epithelium, with 
occasional areas of cilia, identified in both groups. 
Squamous metaplasia occurred rarely but was iden- 
tified in three grafts of the nonstented group. The 
previously noted trend toward increased neovascular- 
ization in the stented group was also noted on histo- 
logic comparison. Neochondrification was identi- 
fied at the cut margins of many of the grafts. All 
underlying cartilage appeared to be viable, with no 
evidence of cartilage necrosis or fibrosis. 


Granulation tissue was commonly encountered in 
the stented group; however, the graft and adjacent 
tissues were not involved. The two areas where 
granulation tissue was identified were the inferior 
aspects of the arytenoid mucosa (where the superior 
aspect of the stent came into contact) and the tracheal 
mucosa that was traumatized by the inferior aspect of 
the stent. These areas were characteristically de- 
nuded of epithelium, with variable amounts of fibro- 
blasts and stromal constituents. None of the involved 
areas were thought to be infected, and no ie 
sequelae resulted. 


DISCUSSION 


As prolonged endotracheal intubation becamecom- 
monplace for ventilatory support in the neonate, the 
occurrence of acquired subglottic stenosis increased 
significantly. In the 1970s the reported incidence 
following prolonged intubation in neonates ranged 
from 12% to 20%.!1,12 A refinement of management 
principles, including intubation techniques, endotra- 
cheal tube support, and physical characteristics of the 
endotracheal tube, led to a falling incidence. Despite 
these measures, however, subglottic stenosis contin- 
ues to occur in a small number of patients. In a recent 
study from a large pediatric institution, an incidence 
of 2.5% was cited.! 


The mechanism of subglottic injury has been ex- 
tensively investigated. The precipitating insult is 
mucosal edema and ulceration.!3 This may be initi- 
ated by traumatic intubation, or may result from 
repeated mechanical trauma from the endotracheal 


tube. The relationship between the length of intubation 
and the degree of injury is poorly understood. Many 
authors believe that mucosal edema and ulceration 
progress in response to persistent trauma of the endo- 
tracheal tube and that the severity of outcome is 
related to the time period of intubation.!4.15 Multiple 
episodes of ulceration and repair result in excessive 
scar tissue formation. In addition, loss of normal 
ciliary flow with mucociliary stasis may lead to 
secondary infection. Squire et alló have shown a 
correlation between respiratory tract infection and 
the severity of experimentally induced tracheal ste- 
nosis. a 


Fairchild!” reported the first tracheal reconstruc- 
tion in 1927. Since that time, there have been many 
surgical procedures designed to address the stenotic 
airway, many of which utilize grafts and stents. The 
role of laryngotracheoplasty with autogenous carti- 
lage grafting for the severely stenotic airway has 
become well established. Yet, intraluminal stenting 
to stabilize the implanted graft remains controversial. 
In theory, the stent serves to support the newly 
constructed airway, counteract scar contracture, and 
function as a scaffold for reepithelialization of the 
airway. Since the first description of laryngeal stenting 
by Schmiegelow!® in 1929, numerous modifications 
of stenting techniques and materials have been pro- 
posed. In 1956 Rethi!? described the use of a Mikulicz 
tampon for the initial 3 postoperative days after 
anterior and posterior laryngofissure, followed by 
placement of a long-term tracheal dilator that was 
secured to the tracheostomy cannula, In 1965 Mont- 
gomery”? developed the silicone T-tube, and shortly 
thereafter Aboulker?! designed a Teflon stent that 
could be fashioned to accommodate an indwelling 
tracheostomy tube. These modifications made long- 
term outpatient stenting feasible while focusing on a 
more inert material. Evans?” advocated the use of a 
“Swiss rolled” silicone sheet that would unroll within 
the lumen to accommodate any size airway. Numer- 
ous articles support the advantages of stents.23-26 


In contrast, many authors argue that stenting re- 
sults in impaired wound healing and an increased 
complication rate.56:8.27 Irritation of laryngeal and 
tracheal mucosa by the stent may result in impaired 
wound healing. Theoretically, repeated trauma to the 
cartilage graft and adjacent mucosa would prevent 
epithelialization and vascularization and would pro- 
mote formation of granulation tissue. This may have 
a significant deleterious effect on the success of the 
newly placed autogenous graft. 


This study demonstrated that stenting does not 
impede early wound healing or, specifically, graft 
vascularization after laryngotracheoplasty..In fact, 


ee 
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the stented group showed a statistically significant 
increase in the rate of vascularization on postopera- 
tive days 6 through 10. Regardless of whether or not 
a stent was utilized, all cartilage grafts were com- 
pletely vascularized by postoperative day 14 and 
remained vascularized through postoperative day 21. 
This suggests that stenting does not appear to delay 
graft vascularization and may actually accelerate its 
early stages. It is not possible from this study to 
extrapolate the long-term effects stenting may have 
on the cartilage graft and its blood supply. 


Previous authors have suggested that granulation 
tissue is a significant problem that may be encoun- 
tered with stenting. Our histologic observations sup- 
port an increased presence of granulation tissue in 
stented animals, but calls into question the signifi- 
cance of these findings. It should. be emphasized, 
however, that our model used a normal airway, not 
one affected by stenosis or fibrosis. The two areas of 
involvement were the inferior mucosal surface of the 
arytenoid cartilages.and the tracheal mucosa. at the 
distal aspect of the stent. This granulation tissue had 
no deleterious effects that could be determined dur- 
ing the study period and did not show a propensity for 
infection. The graft itself was never involved. 


While early wound healing has been detailed, the 





long-term effects of stenting remain unclear. In addi- 
tion, the appropriate duration of stenting in the post- 
operative period remains controversial. Finally, these 
procedures were performed on normal rabbit laryn- 
ges, and the characteristic fibrotic tissues of a stenosed 
subglottis may react very differently after laryngo- 
tracheoplasty. 


CONCLUSION. 


Subglottic stenosis.is a significant complication of 
prolonged intubation in the neonate. Laryngo- 
tracheoplasty has become the standard of care for the 
severely stenotic airway and-often requires the use of 
grafts and/or stents. This study contradicts previous 
reports that the use of stents is detrimental to early 
wound healing in the réconstructed airway. We found 
that the stented group had a comparable rate of 
vascularization postoperatively and had no evidence 
of an increased complication rate. In fact, there ap- 
peared to be a positive influence of stents on vascu- 
larization of the cartilage grafts. While granulation 
tissue did occur in the stented group, it did not appear 
to affect the postoperative course of the animal, nor 
did it impair graft vascularization. The clinical sig- 
nificance of the above findings requires further in- 
vestigation: 
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LONG-TERM FOLLOW-UP OF RECURRENT LARYNGEAL NERVE - 
AVULSION FOR THE TREATMENT OF SPASTIC DYSPHONIA 
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NASHVILLE, TENNESSEE NASHVILLE, TENNESSEE NASHVILLE, TENNESSEE 
Long-term follow-up of 3 to 7 years is reported on 18 patients who had undergone recurrent laryngeal nerve avulsion (RLNA) for 
the treatment of adductor spastic dysphonia (SD). Data on neural regrowth after previous recurrent laryngeal nerve section (RLNS) are 
presented in 2 of these 18 patients. We introduced RLNA as a modification of standard RLNS to prevent neural regrowth to the 
hemiparalyzed larynx and subsequent recurrence of SD. We have treated a total of 22 patients with RLNA, and now report a 3- to 7-year 
follow-up on 18 of these 22 patients. Resolution of symptoms was determined by routine follow-up assessment, perceptual voice analysis, 
and patient self-assessment. Sixteen of 18, or 89%, had no recurrence of spasms at 3 years after RLNA as determined at routine follow- 
up. Two of the 16 later developed spasms after medialization laryngoplasty for treatment of weak voice persistent after the avulsion. This 
yielded a total of 14 of 18, or 78%, who were unanimously judged by four speech pathologists to have no recurrence of SD at the longer 
follow-up period of 3 to 7 years. Two of these 4 patients were judged by all four analysts to have frequent, short spasms. The other 2 were 
judged by two of four analysts to have seldom, short spasms. Three of 18 patients presented with recurrent SD after previous RLNS. At 
the time of subsequent RLNA, each patient had evidence of neural regrowth at the distal nerve stump as demonstrated by intraoperative 
electromyography and histologic evaluation of the distal nerve stump. One remained free of SD following RLNA, 1 was free of spasms 
at 4 years after revision avulsion but developed spasms after medialization laryngoplasty, and the final patient developed spasms 3.75 
years after revision RLNA. Medialization laryngoplasty with Silastic silicone rubber was performed in 6 of 18, with correction of 
postoperative breathiness in all 6, but with recurrence of spasm in 3. Spasms resolved in 1 of these with downsizing of the implant. We 
conclude that RLNA represents a useful treatment in the management of SD in patients not tolerant of botulinum toxin injections. 


KEY WORDS — medialization laryngoplasty, recurrent laryngeal nerve avulsion, recurrent laryngeal nerve section, silicone 


rubber, spastic dysphonia. 
INTRODUCTION 


Since Dedo’s! introduction of recurrent laryngeal 
nerve section (RLNS) in 1976 as the first effective 
treatment for adductor spastic dysphonia (SD), much 
progress has been made in the therapy for this trou- 
bling disorder. The long-term follow-up of 306 pa- 
tients at 4 years found a recurrence of spasticity in 
10% to 15% and overall patient satisfaction with the 
procedure in 90%, as measured by patient self-as- 
sessment.2 Others found less favorable results in the 
long term. Aronson and DeSanto,? in a critical analy- 
sis of 33 patients, demonstrated an alarming failure 
rate, with the recurrence of spasms in 64% of these 
patients followed up for 3 years after RLNS. The 
recurrence of spasms was identified by perceptual 
analysis of audiotape recordings by a speech patholo- 
gist. This study may have contributed to a significant 
reduction in the use of RLNS as a treatment for SD. 
The introduction of botulinum toxin (Botox) injec- 


tions by Miller et alf and Blitzer et al> provided a- 


welcome, effective nonsurgical alternative to RLNS. 
While Botox therapy has its disadvantages, including 
the necessity for repeated injections, its effectiveness 
in restoring normal voice for various periods of time 
with no destruction of function allowed it to supercede 
RLNS as the primary mode of treatment for SD. 


Although Botox remains the therapy of choice for 
SD, not all patients are willing to undergo serial 
injections, for a variety of reasons. Many of our 
patients travel long distances, and return trips for 
additional injections are practically and economi- 
cally unfeasible. The procedure itself is somewhat 
uncomfortable, and a few patients refuse repeat injec- 
tions after experiencing the first. While virtually all 
patients achieve significant reduction in adductor 
spasms with a properly performed injection of botu- 
linum toxin, the necessity for repeat injections to 
maintain this benefit causes some to seek alternative 
therapies, A definitive surgical procedure, if effec- 
tive in the long term, would still be desirable for this 
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TABLE 1. SELF-ASSESSMENT QUESTIONNAIRE 


Averaged Responses 
(n= 18) 
Satisfaction 
1. I would recommend this surgery to others with SD. 6.8 
2. I like my voice now better than before the operation. 1.2 
6. I find it easy to communicate. 6.6 
9. My voice sounds very much like a whisper when I am not trying to whisper. 1.6 
10. OFTEN my voice sounds very much like a whisper when I am not trying to whisper. 1.4 
14. I have to put forth great effort to communicate. 3.2 
Voice stability 
5. My voice is more consistent on a day-to-day basis than before surgery. 7.3 
11. Some days my voice is better than others. 5.8 
17. The surgery helped my voice not change so much from day to day. 6.5 
Recurrence of SD 
3. Ihave tightness in my voice that is similar to before surgery. 2.2 
4. SKIP this question if you have NO tightness in your voice. This tightness is worse than 
before surgery. 0.4 
7. I feel strain in my voice that is quite severe. 1.4 
8. OFTEN I feel strain in my voice that is quite severe. 1.3 
12. I feel tremor in my voice that is quite severe. 1.5 
13. OFTEN I feel tremor in my voice that is quite severe. 1.5 
15. Ihave voice shutoffs while I am talking that are quite severe. 1.6 
16. OFTEN I have voice shutoffs while I am talking that are quite severe. 1.6 


Responses were graded from 0 (strongly disagree) to 8 (strongly agree). Questions were presented to patients in random orderas indicated by question 
number, but are grouped here in three categories of satisfaction, voice stability, and recurrence of spasm. 


group of patients. Netterville et aló reported recurrent 
laryngeal nerve avulsion (RLNA) as a modification 
of RLNS in 1991. This procedure addressed regrowth 
of the recurrent laryngeal nerve (RLN) as one pos- 
sible mechanism for recurrence of SD following 


RLNS. While not providing return of motion of the _ 


affected vocal fold, such neural regrowth restores 
muscular tone, providing a firm surface against which 


the mobile vocal fold could adduct and resulting in. 


recurrence of adductor spasm. In theory, neural re- 
generation might be further impeded by completely 
avulsing each branch of the RLN from its muscular 
insertion, and by removing as much of the proximal 
RLN as possible. Histologic evidence of neural re- 
generation in 1 patient with recurrent SD after RLNS 
was presented, and short-term follow-up averaging 
1.5 years was reported on 12 patients treated with 
RLNA without recurrence of spasm during this time 
period.® The following report extends this follow-up 
to a minimum of 3 years on 18 patients in order to 
match the follow-up of Aronson and DeSanto.’ This 
will allow for a comparison of RLNS and RLNA in 
regard to the recurrence rate of SD. Postoperative 
voice assessment was accomplished by patient self- 
assessment, as well as by perceptual voice analysis by 
speech pathologists blinded to both clinical diagnosis 
and treatment paradigms. Further evidence of neural 
regeneration resulting in recurrence of SD following 
RLNS is presented in this report in 2 additional 


patients as confirmed by intraoperative electromyog- 
raphy (EMG) and histologic evaluation of the distal 
RLN stump. Our own record of treating over 400. 
patients with botulinum toxin while only 22 patients 
underwent RLNA attests to our firm opinion that 
RLNA should not replace botulinum toxin as the 
primary treatment for SD. The purpose of this report 


‘is twofold: first, to add further proof that neural re- 


generation is a significant cause of recurrent spasms 
after RLNS, and second, to demonstrate that RLNA — 
is superior to RLNS in decreasing neural regrowth 
within a 3-year period. It is hoped that a less destruc- 
tive procedure, such as partial myectomy as de- 
scribed by Genack et al,’ may be shown to be more 
effective than neural removal in the treatment of this 
patient population who are unwilling to undergo se- 
rial injections of Botox. 


MATERIALS AND METHODS 


A detailed description of the operative procedure 
is found in the original report.6 No additional modi- 
fications were made. In brief, the RLN was identified 
deep to the mobilized thyroid lobe via an approach 
similar to that used for RLNS or hemithyroidectomy. 
All branches of the RLN were then identified and 
traced to their muscular insertions deep to the cri- 
copharyngeus muscle. Each branch was then care- 
fully avulsed from this most distal point. The proxi- 
mal RLN was then followed as it coursed deep to the 
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TABLE 2. PATIENT SUMMARY INFORMATION 
Patient Age at ' Previous — Date of 
No. -Follow-up Sex RINS Botox* RLNA Phonosurgery Follow-up} 
1 50 F None x3 4/5/91 ` 9/20/91 3 y 3mo 
2 74 F None None 4/5/89 None S5y3mo 
3 68 F None Multiple 6/18/90 | None . 4y1mo 
4 66 M None Multiple 4/191 None 3 y 3 mo 
5 48 F None None 11/5/90 None 3 y 9 mo 
6 53 F None x3 4/291 - None _ 3y3mo 
7 38 F None x4 8/13/90 None  3yllmo 
8 46 M None None 4/1/87 None 7 y 3 mo 
9 53 M 1985 x3 o 1/18/91 None 3y6mo 
10 64 M None None 6/9/87 10/7/87. 7y1mo 
li 34 F None Multiple 11/5/90 . 12/11/92 3y8mo 
12 31 F None None 10/3/89 None 4y9mo 
13 40 F None x3 12/3/90 _ None 3 y 8 mo 
14 43 F None Multiple 1/21/88 -1/1591 6y 6mo 
15 57 F 1985 x4 10/1/90 None 3y9mo 
16 56 F 1986 None 4/6/88 7/17/92 6y 3mo 
17 36 M None x3 _ 10/2/98 3/91, 11/91. 3y9mo 
18 _ 47 F None x3 12/7/90 None 3y7mo - 


RLNS — canisi laryngeal nerve section, RLNA ~~ recurrent laryngeal nerve avulsion: 


*Number of Botox injections prior to RLNA. 
tAs determined at date of final voice recording. 


clavicle and was sectioned in the upper mediastinum. 
The average length of nerve removed, including its 
distal branches, measured 9 cm. Medialization laryn- 
goplasty with Silastic silicone rubber (Dow Corning) 
was performed as a secondary procedure in those 
patients bothered by excessive breathiness following 
RLNA. This technique was performed as reported by 
Netterville et al. Patients were followed up postop- 
eratively at 1 month, 3 months, 6 months, and 1 year. 
The 18-month postoperative evaluation included 
videostroboscopy, voice recordings, and a question- 
naire. Follow-up at greater than 3 years consisted of 
a self-assessment questionnaire: and recorded voice 
samples as described below. 


Chart review identified 22 patients who underwent 
RLNA between April 7, 1987, and June 18, 1993. 
Eighteen are included with more than 3 years of 
follow-up. Details concerning previous treatments, 
date of RLNA, and any post-RLNA treatments were 
recorded. A self-assessment questionnaire was for- 
mulated and mailed to each patient (Table 1). In- 
cluded in the mailing was a copy of the rainbow 
passage. All patients were then contacted by phone, 
and voice recordings were obtained, by means of a 
digital audiotape (DAT) recorder, of each patient 
reading the rainbow passage. Perceptual voice analy- 
sis was performed with the DAT recordings. The 
original DAT recordings of each patient’s reading of 
the rainbow passage were assembled in random order 
ona single tape. This tape was then analyzed by four 


speech pathologists at the Vanderbilt Voice Center 
who were blinded to the identities of the patients. 
Voices were judged for abnormalities of pitch (modal 
level high or low, monotone, pitch. breaks), loudness 
(modal level loud or soft, monotone, voice breaks), 
timing (rhythmic changes in pitch and loudness, 
interruptions, late voice- onset, early voice offset), 
and quality (roughness, asthenia, breathiness, con- 
striction, hoarseness, falsetto). Each category was 
rated on a four-point scale ranging from normal (0) to 
abnormalities noticeable only to professional exam- 
iners (1) and to those noticeable to nearly everyone 
(3). An overall assessment of presence or absence of 
spasm was made, and qualitative. and quantitative 
descriptions of severity and frequency of spasms 
were given when spasm was identified. Results of 
patient. self-assessment. questionnaires and a 
tual voice analysis were analyzed. . 


Assessment of neural regeneration after RLNS 
was initially tested in the office by the injection of 1% 
lidocaine hydrochloride into the tracheoesophageal 
groove at the site of the previous nerve section. At the 
time of subsequent RLNA an intraoperative EMG 
was performéd after careful dissection to isolate the 
proximal and distal stumps of the RLN. Hook-wire 
electrodes were placed directly in the affected thyro- 
arytenoid muscle transorally i in 1 patient and via the 
cricothyroid membrane in another. Evoked poten- 
tials were recorded following bipolar stimulation of 
the identified distal RLN stump. Recordings were 
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TABLE 3. RESPONSE TO SELF-ASSESSMENT QUESTIONNAIRE 





Patient No. l 2 6 9 10 ā ld ç 535 
1 8 5 6 2 2 7 6 
2 4 8 4 0 0 0 8 
3 8 6 8 3 1 0 8 
4 8 8 8 0 0 0 8 
5 8 8 8 0 0 0 8 
6 8 8 8 0 0 0 8 
7 8 8 8 2 2 0 8 
8 8 8 8 0 0 0 8 
9 8 8 8 1 1 H 8 

10 8 8 5 0 0 1 8 
11 7 7 6 1 I 2 5 
12 8 8 8 1 1 7 7 
13 8 4 6 2 2 2 8 
14 7 7 6 6 6 6 7 
15 4 8 6 5 5 8 6 
16 4 6 1 Fi I 8 6 
17 4 7 6 2 2 5 7 
18 4 8 8 2 2 4 8 


Question Number 


17 


m © 
m w A AOM A OOo COSCON OC SJN 


Nw Ge me TH OO A ~) CA ~) OC OO 00 00 OO OO oe ON 


1 


OAAANH ADDU A OoOo OO wl 
OMsm NN OA RNHK ODOOH AS Sl 
omm A AO AWeH OOO OCC ON SC Aj% 
me nNANOHEOTOOSCOCOKF SC AID 
CSCrFANNHNOWA OC COOCOFOC AIS 
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ONANANAOUKOOWOOSCOTO SC KIS 
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Refer to Table 1 for text of questions and averaged response to each question. Responses are graded from 0 (strongly disagree) to 8 (strongly agree). 
Responses in bold italic type (patients 12, 14, 15, and 16) are from patients judged to have recurrent spasms by perceptual analysis. Refer to text 
of paper under Results for characterization of frequency and severity of spasms in each of these 4 patients. 


made following stimulation of the RLN proximal to 
the site of previous nerve section, distal to the site of 
previous nerve section, and again proximal to the site 
of previous nerve section after repeat section of the 
RLN was performed prior to avulsion of the distal 
stump. Histochemical analysis of hematoxylin and 
eosin-stained preparations of the distal RLN stump 
was performed in both patients to assess the presence 
or absence of viable axonal tissue. 


RESULTS 


Twenty-two patients were treated with RLNA 
between April 1987 and June 1994; 18 are reported 
with follow-up ranging from 3 to 7 years. Data on 
these 18 are summarized in Table 2. Of these 18, 13 
were female, and 5 male. Ages at the time of surgery 
ranged from 30 to 69 years, with ages at follow-up as 
listed in Table 2. Similar age distributions existed 
between males and females. All patients were previ- 
- ously treated, 12 with Botox, all with some form of 
speech therapy, and 3 with RLNS. 


Self-assessment questionnaires were returned by 
all patients in the series. Averaged responses to each 
question are listed in Table 1, and individual re- 
sponses are detailed in Table 3. Overall, responses 
were positive, with 13 strongly recommending the 
procedure to others, while 5 were neutral in their 
recommendation. Postoperative voices were felt to 
be more consistent on a day-to-day basis. Three 
patients agreed they had a tightness in their voices 


similar to that before surgery, 4 gave a neutral re- 
sponse to this question, and the remaining 11 denied 
any residual tightness. Two patients reported fre- 
quent voice shutoffs. Six reported great effort was 
still required to communicate, although it was not 
specified whether this was secondary to recurrent 
spasms or to breathy voice. 


Perceptual analysis of postoperative voices in ran- 
dom order by blinded speech pathologists revealed 
that all patients had some degree of abnormality as 
judged by at least two of four analysts. General 
agreement between examiners was found for both the 
type and severity of identified abnormalities. This 
relative uniformity of responses between indepen- 
dent skilled observers favored the reliability of each 
analyst’s judgments. Ten patients were thought to 
have pitch abnormalities: 3 with severe, 4 with mod- 
erate, and 3 with mild pitch abnormalities. Nine 
patients were thought to have loudness abnormali- 
ties: 1 with severe, 4 with moderate, and 4 with mild 
abnormalities. Three patients were thought to have 
mild to moderate timing abnormalities. Seventeen 
patients were thought to have quality abnormalities: 
8 with severe, 5 with moderate, and 4 with mild 
quality abnormalities. Fourteen of 18 patients (78%) 
were unanimously judged by all four analysts to be 
without recurrence of SD. Two patients (Nos. 15 and 
16) were judged by four of four analysts to have 
frequent, short spasms, while 2 patients (Nos. 12 and 
14) were thought to have seldom, short spasms by 
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Fig 1. Evoked electromyography potentials recorded from 
thyroarytenoid muscle in patient 9 following stimulation 
of recurrent laryngeal nerve (RLN) proximal to neuroma 
(A), proximal to site of neuroma after resection of neuroma 
(B), and distal to site of neuroma after resection (C). 
Potential evoked by proximal nerve stimulation (arrow, 
A) immediately disappeared after resection of neuroma 
(B), indicating that nerve fibers in RLN had regenerated 
through neuroma to reinnervate laryngeal muscles. Poten- 
tial evoked by distal nerve stimulation (arrow, C) was 
shorter in latency and larger in amplitude than that pro- 
duced with proximal stimulation. Shorter latency could be 
explained by shorter distance compound action potential 
would have to travel before muscle activation. Greater 
amplitude suggested that some regenerated nerve fibers 
from RLN could only conduct action potentials with 
stimulation distal to neuroma. Apparently, when these 
fibers were activated more proximally, their action poten- 
tials were blocked by neuroma, indicative of neurapraxia. 
Alternative explanation was that axons from source other 
than RLN had regenerated and effectively invaded distal 
stump. However, stimulation of ansa hypoglossi branches 
or tissue surrounding neuroma was ineffective in produc- 
ing evoked EMG response, supporting first explanation, 
that RLN was solitary source of muscle reinnervation. 


two of four analysts. However, 2 of these 4 patients 
(Nos. 14 and 16) were judged at routine follow-up 
assessment to be free of spasms at 3 and 4 years, 
respectively, after their RLNA. Because of weakness 
of their voices, they underwent medialization laryn- 
goplasty, with spasms returning later as described 
below. Thus, at 3 years post-RLNA, 16 of 18 (89%) 
were free of spasms. These 4 patients are highlighted 
in Table 3. Correlation of patient self-assessment 
with perceptual analysis was greatest with regard to 
effort to communicate. All 4 patients judged to have 
recurrent adductor spasms reported that significant 
effort was still required to communicate. Only 2 of 
the remaining 14 patients not judged to have recur- 
rent spasms agreed that great effort was still required 
to communicate. 

Six of 18, or 33%, underwent medialization la- 
ryngoplasty with Silastic silicone rubber for persis- 
tent breathiness following RLNA. Four of these 6 


(Nos. 1, 10, 11, and 17) were judged by all speech 
pathologists to be without recurrence. One of these 4 
(No. 17) did have mild recurrence of spasm follow- 
ing Silastic medialization performed 5 months after 
RLNA. A single Botox injection was tried without 
success. Subsequent revision Silastic medialization 
to reduce the size of the Silastic implant resulted in 
resolution of spasms, The remaining 2 patients in the 
medialization group (Nos. 14 and 16) were judged by 
two of four, and four of four analysts to have recurrent 
SD. In patient 14, medialization laryngoplasty with 
Silastic silicone rubber was performed 3 years fol- 
lowing RLNA for persistent breathiness. While rou- 
tine follow-up assessment judged this patient to be 
free of spasm prior to laryngoplasty, spasms recurred 
within 1 year of medialization, and persisted at the 
6.5-year follow-up. This patient, who is a public 
speaker, stated that the spasms were only bothersome 
for 1 week around the time of her menstrual period. 
A revision laryngoplasty was suggested with place- 
ment of a smaller implant; however, the patient did 
not feel her voice was bothersome enough to warrant 
revision surgery. Patient 16, who was described in 
our original report, developed severe recurrence of 
spasms 1 year after previous RLN section. We re- 
vised her original procedure with an RLNA, with 
resolution of her spasms and no recurrence 4 years 
later. Because of difficulty in communication sec- 
ondary to persistent breathiness, she underwent me- 
dialization laryngoplasty with Silastic silicone rub- 
ber 4 years after RLNA. This patient was judged on 
routine follow-up assessment to be free of spasm at 
the time of medialization, but developed recurrent 
spasms within 5 months of the laryngoplasty. She has 
received four supplemental Botox injections in 2.5 
years of follow-up after medialization. We suggested 
revision of the implant size. Because of insurance 
limitations from her managed care provider, she 
underwent a revision at another institution, with no 
improvement in her spasms, She continues receiving 


Botox with moderate success. 


Two other patients underwent RLNA after previ- 
ous RLNS with recurrent SD. The RLNS was per- 
formed 5 and 6 years prior to RLNA in these 2 
patients (Nos. 15 and 9). Both reported initial relief of 
spasm following nerve section, but subsequent recur- 
rence of spasms developed in both by 3 years. Botox 
was tried in both, but spasms persisted. Intraopera- 
tive EMG was performed prior to neural avulsion as 
described above. In both patients the RLN was iden- 
tified and noted to be grossly intact, with evidence of 
neuroma formation at the apparent site of previous 
nerve section. The RLN was stimulated proximal to 
the neuroma, distal to the neuroma after resection of 
the neuroma, and again proximal to the neuroma after 
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Fig 2. Sections of distal recurrent laryn- 
geal nerve stump (H & E, original x10). 
A) Patient 9. B) Patient 15. Thin black 
arrows indicate regenerated axon pro- 
files within nerve distal to neuroma iden- 
tified at time of surgery in each patient. In 
longitudinal section (A), poorly delin- 
eated border of funiculus is indicated by 
broad white arrows. At this level, some 
axon profiles are cut at oblique angle. 
Well-organized bundles of regenerated 
axons representing individual funiculi can 
be better appreciated in cross section of 
nerve, as shown in B. 


resection of the neuroma but prior to avulsion of the 
distal stump. Figure 1 illustrates EMG findings from 
1 of these 2 patients (No. 9). Histologic analysis of the 
RLN stump confirmed the presence of regenerated 
axons within the distal nerve in both patients (Fig 2). 
Of these 2 patients, 1 (No. 9) was judged by all four 
speech pathologists to be free of recurrence, while the 
other (No. 15) was felt by all four analysts to have 
recurrent spasms. Medialization laryngoplasty was 
not performed in either of these patients. 


DISCUSSION 


Therapy for SD underwent a significant advance 
with the introduction of RLNS in 1976.! The previ- 
ously ineffective attempts at both speech therapy and 
psychotherapy for what was felt to be a functional 
disorder were called into question by this dramatic 
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approach to surgically alter a physiologic abnormal- 
ity of laryngeal function. Speech therapy then as- 
sumed its role as a necessary and effective therapeu- 
tic modality for SD after partial interruption of laryn- 
geal hyperfunction had been accomplished. The ini- 
tial effectiveness of RLNS prompted the search for 
other ways to alter this laryngeal hyperfunction. The 
application of Botox to the treatment of SD repre- 
sented a direct consequence of the early success of 
RLNS, substituting a pharmacologic interruption of 
muscular function for a surgical one. 


That RLNS has fallen out of favor is aconsequence 
of long-term follow-up of the procedure in a number 
of series suggesting significant recurrence rates of 
SD at 3 years and beyond.? This literature is reviewed 
in our original report.© Successful application of 
Botox as effective therapy for SD, coincident with the 
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reports of late recurrence of SD following RLNS, 
established Botox as the therapy of choice.? The late 
failure of RLNS was puzzling, given that the affected 
vocal fold remained clinically immobile in these 
patients. This was felt by most authors to be second- 
ary to a progressive increase in function of the con- 
tralateral vocal fold.? While such increased function 
may well play a role, the alternative explanation of 
partial reinnervation of the denervated hemilarynx 
correlates well with the time course of recurrence, is 
well demonstrated in experimental animals, and is 
testable in those patients with recurrent SD after 
RLNS. The work of Crumley and McCabe!® clearly 
showed regeneration with reconstitution of the distal 
nerve in sectioned and suture-ligated RLNs in dogs. 
Early reports of reexploration for revision RLNS 
following return of SD suggested the possibility of a 
reconstituted RLN, and noted resolution in symp- 
toms following repeat resection.!!-!2 Most convinc- 
ing is a report by Ludlow et al!3 of 5 patients with 
recurrent SD following RLNS in whom EMG dem- 
onstrated equal levels of thyroarytenoid muscle acti- 
vation on the operated and nonoperated sides despite 
an absence of physiologic motion of the vocal fold on 
the operated side. All 5 of these patients achieved 
significant reduction in speech symptoms following 
injection of Botox on the operated side, with 2 pa- 
tients also receiving injections on the nonoperated 
side.!3 One patient was presented in the original 
description of RLNA with histologic evidence of 
neural regeneration in the distal RLN stump follow- 


ing previous RLNS.6 Support for reinnervation as a‘ 


cause of recurrent SD following nerve section is 
provided in the current report by data from 2 addi- 
tional patients. Both underwent RLNA for recurrent 
SD after previous RLNS. Both demonstrated gross 
evidence of neural regeneration with neuroma forma- 
tion at the site of previous nerve section joining 
proximal and distal RLN stumps. Histologic evi- 
dence of axonal regeneration within the distal nerve 
stump supported this clinical observation (Fig 2). 
Electrophysiologic evidence of reinnervation was 
obtained in both patients with intraoperative EMG 
recordings of evoked motor unit potentials from the 
thyroarytenoid muscles on the operated sides. That 
these motor unit potentials were recorded with longer 
latencies and broad waveforms was consistent with 
stimulation of axons that regenerated through neu- 
roma. Disappearance of evoked potentials with stimu- 
lation of the proximal RLN following resection of the 
region of the neuroma provided further confirmation 
of reinnervation via the proximal RLN in both of 
these cases (Fig 1). No detectable motion of the 
ipsilateral vocal fold was seen in either patient prior 
to RLNA. Although regeneration did not provide 


effective return of vocal fold motion, it likely resulted 
in sufficient return of vocal fold tone to reinstate 
adductor spasms. This can occur secondary to signifi- 
cant neural regrowth with increased motor tone within 
the thyroarytenoid during phonation. Even in the 
absence of motion, if the paralyzed vocal fold is 
resting near the midline, this motor tone is sufficient 
to create a firm surface against which the mobile 
vocal fold adducts, resulting in vocal spasms. 


We suspect that even those with RLNA develop 
some reinnervation; however, it is not usually suffi- 
cient to result in recurrent spasm. This point was 
demonstrated in patient 11, who developed a very 
weak, breathy voice after her RLNA. Two years after 
her nerve avulsion, she underwent medialization la- 
ryngoplasty. During the procedure, weak voluntary 
motor unit potentials were observed within the para- 
lyzed thyroarytenoid muscle by the use of hook-wire 
electrodes. She did not demonstrate adductor spasms 
before or after the laryngoplasty, which was per- 


formed in December 1992. A slightly undersized 


implant was used in this patient to decrease the 
chance of recurrent spasms. 


Asamodification of RLNS, RLNA was developed 
to further hinder this process of reinnervation. While 
other authors removed fairly short segments of RLN 
(2 cm on average), with RLNA the entire course of 
the RLN accessible in the neck is removed (averaging 
9 cm). This modification is logical, but is not the 
critical aspect of RLNA. Reinnervation of the distal 
RLN stump may be derived from anumber ofsources, 
not merely the proximal RLN. Certainly, if the proxi- 
mal RLN remains in close proximity to the distal 
stump, then reinnervation may occur more readily, as 
was seen in both cases of recurrent SD following 
RLNS described above. Removal of a long segment 
of RLN into the upper mediastinum should effec- 
tively prevent this. Reinnervation, however, may 
also occur from other motor nerves in the area, 
notably branches of the ansa cervicalis or ansa hy- 
poglossi injured during the original dissection. Axons 
from these sources may easily regenerate in a misdi- 
rected fashion, seeking the distal RLN stump. Neural 
avulsion seeks to answer this problem. Traction on 
each distal nerve branch of the RLN stump until it is 
pulled out of the laryngeal muscles removes all 
normal neural pathways into the hemilarynx.® 


Dedo!4 attributes his low recurrence rate to suture 
ligation of the proximal and distal cut ends of the 
RLN. Crumley and McCabe’s! work indicates that 
in the experimental animal, suture ligation of the 
RLN does not prevent regeneration of the nerve. The 
technique of RLNA circumvents this dilemma by 
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surgically removing the distal RLN stump. It accom- 
plishes denervation of the hemilarynx, and is de- 
signed to disrupt the physiologic process of rein- 
nervation by widely separating the proximal motor 
nerve from its target organ, and by removing all 
residual motor nerve fibers from the denervated tar- 
get organ that might otherwise accept regenerating 
axons from other sources. Theoretically, this should 
further impede reinnervation of the hemilarynx. Al- 
though there are other routes by which the hemilarynx 
may reinnervate, the low recurrence rate of spasms in 
this study group implies they are not as effective as 
direct regrowth via the distal RLN stump. 


That an objective method of analyzing the SD 
voice is not universally agreed upon is evidenced by 
the variety of techniques reported. Patient self-as- 
sessment is an important determinant of the success 
of any procedure — some would say the most impor- 
tant factor. However, it is entirely subjective, and 
while important, must be viewed with caution when 
used alone as a tool for objective comparisons be- 
tween techniques and groups of patients. Perceptual 
analysis by trained speech pathologists represents a 
more objective technique, but one that remains diffi- 
cult to standardize. While acoustic analysis holds 
promise as the most objective measure, and one that 
could easily be applied to a wide variety of patient 
populations treated with a number of different mo- 
dalities, agreement on which parameters provide 
accurate clinical correlates is lacking. Eskenazi et al, 
in an attempt to relate six perceptual parameters with 
five acoustic parameters, found that “acoustic mea- 
sures used as predictors of quality appear to represent 
only a fraction of the set of all measures used by the 
human listener.” 150304 Zwirner et al!® found in SD 
patients treated with Botox a correlation of only two 
acoustic parameters with perceptual analysis: the 
standard deviation of fundamental frequency and the 
voice break factor. In the current study we combined 
subjective patient self-assessment with perceptual 
analysis by trained speech pathologists to assess our 
results. This method is comparable with those of 
previous reports on RLNS. 


With regard to patient self-assessment, 13 of 18, or 
72%, strongly recommended the procedure to others, 
with the remaining 5 being more neutral in their 
recommendation. As illustrated in Table 1 and Table 
3, the overall responses at 3 to 7 years post-RLNA 
were quite positive. The post-RLNA voice was felt to 
be more consistent, with only 2 patients reporting 
frequent voice shutoffs. This result was further sup- 
ported by follow-up clinical assessment, as well as 
perceptual analysis by blinded speech pathologists. 
Clinical assessment judged 16 of 18 (89%) free of 


spasms at 3 years post-RLNA. Two of these 16 
patients subsequently developed mild spasms after 
medialization laryngoplasty, decreasing more long- 
term results to 14 of 18 (78%) free of spasms. These 
14 were unanimously judged by four speech patholo- 
gists to be free of spasms at 3 to 7 years. Correlation 
of perceptual analysis with self-assessment was great- 
est for effort to communicate, with all 4 identified to 
have recurrent SD by perceptual analysis reporting 
persistent significant effort to communicate. Only 2 
of the remaining 14 patients judged free of SD re- 
sponded in the affirmative that effort to communicate 
was still great. 


The postoperative breathiness that can occur fol- 
lowing RLNS or RLNA is significant. Six of 18 
patients underwent a vocal fold medialization proce- 
dure following RLNA in this series. The procedure 
improved breathiness in all 6, but contributed to 
recurrence of spasm in 3. In 1 of these 3, a revision 
procedure to reduce the size of the Silastic block was 
performed, with subsequent elimination of spasms. 
The remaining 2 patients had spasm-free intervals 
following RLNA of 3 and 4 years, but were troubled 
by breathiness. Recurrent spasm developed within 1 
year of subsequent Silastic medialization in both 
patients. Medialization laryngoplasty with Silastic 
silicone rubber corrects the breathiness that some- 
times occurs following RLNA, but may result in 
recurrence of spasms. The mechanism of how vocal 
fold medialization might exacerbate quiescent SD is 
not certain. It is obvious, however, that recreating a 
firm surface for the normally mobile vocal fold to 
adduct against may resultin the recurrence of spasms. 
It was evident during the medialization procedures 
that pushing in too far within the window resulted in 
recurrent spasms. Thus, each patient was undercor- 
rected. Even with this undercorrection, 3 patients 
developed recurrent spasms within 6 months. The 
reason for this delayed recurrence after medialization 
is unclear; however, it is reversible by further down- 
sizing the implant, as demonstrated by patient 17. 
The resolution of breathiness without recurrence of 
spasm in 3 others demonstrated that a successful 
balance could be achieved between sufficient medial- 
ization to produce strong voice and overmedialization 
that would lead to spasm. In this small series, clinical 
predictors of failure following laryngoplasty were 
not identified. It would appear, from observing both 
groups with recurrence of SD — those with recur- 
rence after presumed neural regrowth and those with 
recurrence after medialization laryngoplasty — that 
the major factor leading to spasms is the firmness of 
a paralyzed vocal fold positioned close enough to the 
midline so that the mobile vocal fold can adduct 
firmly against it. When the reinnervation is not suffi- 
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cient to position the paralyzed vocal fold near the 
midline, too large an implant during laryngoplasty 
can compress the residual muscle to the midline, 
resulting in recurrence of spasms. Explaining recur- 
rent spasm by overmedialization alone, however, 
likely represents an oversimplification, within the 
complex physiologic milieu of the partially dener- 
vated hyperfunctional larynx in which laryngeal 
framework surgery is attempted. 


Long-term follow-up in 3 patients treated with 
RLNA following previous RLNS revealed 1 with no 
recurrence of spasms 4 years after avulsion. The 
second developed recurrent spasms 4.5 years after 
RLNA, probably partially because of medialization 
laryngoplasty performed 4 years after the avulsion 
for a weak and breathy voice. This patient’s long 
spasm-free interval (4 years) prior to laryngoplasty 
suggested the medialization procedure as a likely 
cause of recurrent spasms as described above. The 
final patient developed recurrent spasms 3.75 years 
after RLNA. In this case no cause of recurrence has 
been identified. This patient (No. 15) can be grouped 
with 1 other (No. 12) as the 2 patients judged to have 
recurrent SD following RLNA in whom no laryngeal 
framework surgery was performed postoperatively. 
We have not had the opportunity to perform EMG on 
either patient. In both of these patients, however, the 
development of renewed adductor spasms logically 
should be attributed to reinnervation of the paralyzed 
hemilarynx despite the impediments to reinnerva- 
tion created by the avulsion procedure. This yields 
a failure rate of 11% for RLNA at 3 to 7 years as 
defined by patients with recurrent spasm in whom no 
other suspected cause of recurrent spasm was iden- 
tified. 


Although the ability of the patients to communi- 
cate was significantly improved, all patients had 
some form of voice abnormality. No patient had a 
normal voice after RLNA. All patients retained ab- 
normalities of pitch, loudness, timing, and quality 
following treatment. This is a very important factor to 
discuss preoperatively with patients who are consid- 
ering laryngeal deinnervation for the treatment of 


SD. With botulinum toxin treatments, in spite of the 
poor, breathy phase soon after the injection and the 
phase of recurrent spasms before the next injection, 
there is a significant period of normal voice in most 
patients. Because the loss of normal voice is universal 
and the effect of RLNA is permanent, we convince 
most patients considering nerve avulsion to continue 
with botulinum toxin therapy. There are very few 
patients who are not served well with Botox. We 
work with each patient to find a regimen of injection, 
whether unilateral, alternating unilateral, or bilateral, 
that will result in normal voice with the shortest 
abnormal voice period during the injection cycle. 
Nerve avulsion should be reserved for the select 
patient who does not benefit from or tolerate Botox 
and who is very well informed about the issues 
discussed in this paper. An exception is the patient 
who has developed recurrent spasms after a previous 
nerve section. We highly recommend revision sur- 
gery with RLNA in patients whose vocal cord is 
already paralyzed. With this limited criterion the 
ability to improve communication with RLNA is 
relatively dependable. The major downside of the 
procedure is a high percentage of patients with a 
weak, breathy voice that must be addressed to im- 
prove their communication further. 


CONCLUSION 


Long-term follow-up of RLNA revealed that 72% 
to 78% of patients retained clear benefit from the 
procedure beyond 3 years as measured by patient 
self-assessment and perceptual analysis by blinded 
speech pathologists. Evidence of laryngeal reinner- 
vation as a cause of recurrent SD following RLNS is 
presented. Postoperative breathiness, occurring in 6 
of 18 patients, was improved in all patients by subse- 
quent medialization of the vocal fold. Medialization, 
however, may have contributed to recurrence of 
spasm in 3 of these 6. While not supplanting Botox 
injections as the preferred therapy for SD, RLNA 
yields a more consistent long-term elimination of 
adductor spasms than other surgical therapies, and 
represents a useful procedure for those patients not 
tolerant of Botox injections. 
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AUTOLOGOUS FAT INJECTION FOR UNILATERAL VOCAL 
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This study evaluates the efficacy of autologous fat injection for medialization of the paralyzed vocal fold. In 21 patients with 
unilateral vocal fold paralysis, autologous abdominal fat was injected into the thyroarytenoid muscle to achieve medialization. All 
patients were followed up with serial videolaryngoscopy and voice evaluation. At 2 months’ follow-up, the voice was judged to be 
excellent in 10 patients, slightly breathy but significantly better than the preoperative voice in 6 patients, and markedly breathy in 4 
patients. At 3 to 4 months’ follow-up, of the 10 patients with excellent results, 5 maintained an excellent voice, 3 had developed slight 
breathiness, and 1 had developed severe breathiness. Long-term (6 to 12 months) results were available in 11 patients, and all of them 
maintained the same voice quality that was noted during the 3 to 4 months’ examination. Magnetic resonance imaging of the larynx was 
obtained in7 patients at intervals ranging from 1 to7 months and compared to the baseline scan obtained at 1 week postoperative to assess 
the amount of fat remaining in the muscle. The images showed fat volume to persist, but a decrease in the fat signal was observed over 
time. The results suggest that the duration of medialization with autologous fat is variable, but appears to last at least 2 to 3 months. This 
loss of volume after 3 months seems to be due to absorption of the fat and possibly muscle atrophy. Autologous fat injection is relatively 
safe and easy to perform, and is an ideal method of temporary vocal fold medialization in patients in whom retum of vocal fold function 
is expected. 


KEY WORDS — autologous fat injection, medialization procedure, vocal fold paralysis. 


INTRODUCTION saline is used for injection, which appears to last only 

Incomplete glottic closure due to unilateral vocal for approximately 1 month. Collagen has been shown 
fold paralysis can result in aspiration, inability to to be effective for vocal fold medialization; however, 
produce an effective cough, and breathy hypophonia. some loss of volume does occur over time with this 
Such problems can be disabling, or potentially life- substance.‘ Furthermore, the use of collagen requires 


threatening, and significantly affect the quality of preoperative skin testing and is contraindicated in 
life. A variety of techniques have been described for individuals demonstrating a hypersensitivity reac- 


improving glottic incompetence resulting from uni- tion. Medialization laryngoplasty requires the use of 
lateral vocal fold paralysis: 1) injection of various an alloplastic implant and may be associated with 
substances, most commonly Teflon or Gelfoam, 2) extrusion of the implant.> Arytenoid adduction is 


laryngeal framework surgery, such as medialization technically difficult to perform, and complications 
laryngoplasty (thyroplasty) or arytenoid adduction, such as pharyngocutaneous fistula and airway ob- 


and 3) laryngeal reinnervation procedures. Although struction have been reported.> Reinnervation of a 
effective, all of these methods have limitations and paralyzed unilateral vocal fold by anastomosis of the 
potential complications. Vocal fold injection is a ansa hypoglossi to the recurrent laryngeal nerve was 
relatively simple and quick procedure; however, only popularized by Crumley® and probably yields the 
a few substances are available for injection and each best voice quality because the reinnervation main- 
has its own limitations. Teflon has been shown to be tains muscle bulk, restores tension to the vocal liga- 
associated with granuloma formation and scarring, ment, results in forces of pull on the arytenoid carti- 
which can result in poor voice quality.!|2 More re- lage that maintain the vocal ligament in an adducted 
cently, it has been on and off the market and possibly position, and has the potential to restore movement of 
may no longer be manufactured in the future. Gelfoam the paralyzed vocal fold.® This technique, however, 
paste has been used for temporary vocal fold paraly- has disadvantages and limited applications. The dis- 
sis and has been reported to last only an average of 6 tal stump of the recurrent laryngeal nerve may not be 
to 8 weeks.3 Currently, Gelfoam is not available as a available for anastomosis following thyroidectomy, 
paste; therefore, a mixture of the powder form and as the nerve may have been resected or be encased in 
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CAUSES OF VOCAL FOLD PARALYSIS 


Penetrating neck trauma 
Gunshot wound 
Stab wound 
Excision of skull base tumor 
Intracranial surgery 
Lung transplant 
Carotid endarterectomy ` 
Intubation 
Idiopathic 
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extensive scar tissue. Furthermore, it is a longer 
procedure, and a wait of at least a few months is 
required to attain the desired results. 


Ideally, vocal fold medialization should be accom- 
plished with a simple medialization technique with a 
low risk of associated complications. Injection of an 
autologous substance with a low absorption rate 
would seem to fit these criteria. A few clinical cases 
of autologous fat injection for unilateral vocal fold 
paralysis have previously been reported.” The re- 
sults in these reports indicate that the improvement in 
the voice quality is permanent in many of the patients. 
As. autologous fat injected into various sites in the 
body has been clearly shown to resorb with time, it is 
unclear as to whether maintenance of the improved 
voice quality is truly due to the injected fat or com- 
pensation with time in these patients. This study 
evaluates the results of autologous fat injection for 
unilateral vocal fold paralysis in21 patients by means 
of voice evaluation, videostroboscopy, and serial 
magnetic resonance imaging (MRI). 


MATERIALS AND METHODS 


Twenty-one patients underwent injection of au- 
tologous fat for unilateral vocal fold paralysis at the 
University of Southern California affiliated hospitals 
(LAC-USC Medical Center and USC University 
Hospital). The causes of the vocal fold paralysis are 
shown in the Table. The indications for surgery in 
these patients were 1) disabling breathy hypophonia, 
2) aspiration, and 3) inability to produce an effective 
cough following lung transplantation. All of the 
patients had preoperative videolaryngoscopy with a 
flexible or a 90° rigid fiberoptic scope, which docu- 
mented the paralyzed vocal fold and a glottic gap. 


Operative Technique. The fat was obtained from 
the lower abdomen, just below the umbilicus. In 18 of 
the patients, it was harvested through a 2-cm incision 
and minced into 1- to 3-mm pieces with a No. 10 
blade. All surrounding fascia and connective tissue 
were then meticulously removed, leaving only fat 
globules. In the other 3 patients, the fat was obtained 
by liposuction with a 4-mm-diameter cannula at- 
tached to a 30-mL syringe. The fat was placed on fine 
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Fig 1. Summary of clinical course of 21 patients injected 
with autologous fat for unilateral vocal fold paralysis. * — 
One patient had return of vocal fold function at 3 months, 
and another had partial return of function at 6 months. 


mesh gauze and thoroughly irrigated with lactated 
Ringer’s solution in order to rinse away remaining 
blood elements. The fat globules were then loaded 
into a Bruning syringe with an 18-gauge needle. The 
injection was performed under general anesthesia 
with either apneic technique or jet ventilation. Two 
sites of injection were used, the first site being just 
lateral to the vocal process and the second site at the 
mid-fold. The needle was always directed such that 
the fat would be injected into the thyroarytenoid 
muscle. Every attempt was made to overinject so that 
the injected fold was medialized past the midline, as 
some resorption of the fat was expected. 


Surgery was performed as an outpatient procedure 
in all cases. The patients were followed up at 1 week 
postoperatively, then at intervals ranging from 4 to 6 
weeks for 6 months, and then every 3 months there- 
after for 1 year. The quality of the voice was assessed 
at the time of follow-up by asking the patient to rate 
his or her voice quality, specifically with respect to 
vocal fatigue and the ability to project the voice. 
Videostroboscopy was performed during each fol- 
low-up visit. In 7 patients, MRI of the larynx was 
obtained to look for evidence of remaining injected 
fat. A baseline scan was obtained 1 week after injec- 
tion and repeated at 1 month and again between 3 and 
7 months. Tl-weighted images were obtained, as 
they give the greatest signal intensity for fat. 


RESULTS 


No complication occurred related to the injection 
procedure, such as hematoma, inflammatory response, 
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Fig 2. Magnetic resonance images of larynx. Note bright signal intensity in right vocal fold, which is consistent with presence of 
fat. A) Scan performed at 6 weeks after injection, which was identical in appearance to that performed at 1 week postoperative. 
B) Scan performed at 5 months postoperative, showing persistence, but slight loss of volume, of injected fat. 


airway obstruction, or aspiration of fat into the tra- 
cheobronchial tree. None of the patients sustained 
donor site complications. For data analysis, the qual- 
ity of the postoperative voice was graded as follows: 
grade I, excellent voice without breathiness or vocal 
fatigue; grade II, slightly breathy voice without vocal 
fatigue, but significantly better than the preoperative 
voice; and grade III, markedly breathy voice. The 
results are summarized in Fig 1. At the 4- to 6-week 
interval, 17 of the patients had grade I voice and 4 had 
grade II voice. Two of these 4 patients with grade II 
voice had resection of their vagus nerve for neo- 
plasm, 1 had lung cancer, and the other had cautery 
injury to the recurrent laryngeal nerve during lung 
transplantation. At 6 to 8 weeks, of the 17 patients 
with grade I voice during the prior evaluation, 10 
maintained the same voice quality, 6 developed mildly 
breathy voice (grade II), and 1 was lost to follow-up. 
All 4 patients who had grade II voice during the 
previous evaluation developed grade III voice and 
subsequently underwent thyroplasty and/or aryte- 
noid adduction. At 3 to 4 months, in the 10 patients 
who previously had grade I voice, 5 remained un- 
changed, 3 developed grade II voice, and 2 were lost 
to follow-up. One of the 6 patients who had grade II 
voice during the prior evaluation was lost to follow- 
up, 4 maintained the same voice quality, and 1 devel- 
oped breathiness (grade III). The patient who devel- 
oped grade III voice also underwent thyroplasty 
subsequently. Thus, of the 13 patients who were 
evaluated at 3 to 4 months, 5 had grade I voice, 7 had 
grade II, and 1 had grade III. Eleven patients were 
evaluated between 6 and 12 months, and their voice 
remained unchanged compared to the 3- to 4-month 
evaluations: 5 maintained grade I voice and 6 main- 


tained grade II voice. In summary, in 17 patients who 
were available for follow-up at 3 to 4 months, the 
voice was judged to be excellent to satisfactory 
(grades I and II) in 12 patients, and breathy in 5. The 
voice remained stable thereafter in those patients 
who were available for follow-up at 6, 9, and 12 
months. 


Videolaryngoscopy showed complete return of 
vocal fold function in 1 patient at 3 months and partial 
return of function in another at 6 months. Both of 
these patients maintained a grade I voice for the 
duration of the paralysis, and the voice remained 
normal following return of vocal fold function. All of 
the other patients who had grade I voice beyond 6 
months had persistent paralysis with good approxi- 
mation of the vocal folds, asymmetric mucosal wave, 
and no compensatory supraglottic hyperadduction. 
In the 7 patients who ultimately developed grade II 
voice at 3 to 4 months, 2 had good approximation of 
the anterior fold but a moderate-size posterior gap, 1 
had shortening of the paralyzed vocal fold with the 
arytenoid pulled anteriorly, and the other 4 had small 
midglottic gaps. All of the patients who developed 
grade III voice were observed to have progressively 
larger glottic gaps with time. 


Laryngeal MRI scans were obtained in 7 patients: 
1 patient who maintained a grade I voice beyond 6 
months and 6 patients who developed a grade II 
voice. In all 7 patients, the MRIs that were obtained 
at the 4- to 6-week interval showed persistence of 
high signal intensity in the thyroarytenoid muscle, 
consistent with the presence of fat (Fig 2A). These 
scans were similar to the baseline scans that were 
obtained at 1 week postoperative. The fat signal 
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intensity was also present in scans that were obtained 
between 3 and 6 months; however, some reduction in 
the volume was observed (Fig 2B). 


DISCUSSION 


The concept of using autologous fat for medial- 
ization of a paralyzed vocal fold in humans was first 
introduced by Mikaelian et al’ in 1991. They reported 
good results in 3 patients, with follow-up ranging 
from 3 to 12 months. Brandenburg et al® in 1992 
reported on their experience with this technique in 11 
patients, with follow-up ranging from 5 to 42 months. 
The injected vocal fold remained medialized in 10 
patients, and 1 patient required reinjection. In con- 
trast to these reports, a large percentage of our pa- 
tients did not experience such good long-term results. 
Maintenance of the bulk and medialization would not 
be expected to be permanent, as previous studies on 
the long-term fate of injected fat in various head and 
neck sites other than the larynx indicate that 20% to 
90% of injected fat will ultimately be resorbed.? The 
results of the voice quality and videolaryngoscopic 
findings from our study indicate that the duration of 
medialization is quite variable. Seventy-five percent 
of the patients in this series maintained adequate 
medialization for 2 to 3 months, and some patients 
maintained excellent long-term voice quality. The 
variability in the duration of medialization may be 
attributed to a number of factors. Since the resorption 
rate of injected fat at various sites in the head and neck 
ranges from 20% to 90%, one would also expect 
various degrees of resorption in the larynx, and there- 
fore a large variation in the duration of medialization. 
Progressive muscle atrophy from chronic denerva- 
tion may also be a factor in the progressive loss of 


bulk. Canine studies have shown that atrophy in 


denervated laryngeal muscles can occur as early as 4 
to 6 weeks.!° It is unlikely that reinnervation occurred 
in many of our patients — certainly not in those who 
had extirpation of extensive skull base tumors, in the 
patient with terminal lung cancer, or (probably) in 
some of the patients with penetrating neck trauma, in 
whom the recurrent or vagus nerve may have been 
transected. Such lack ofreinnervation as well as some 
degree of resorption of the fat would explain why 
only a grade II voice was achieved in many of our 
patients long-term. It appears that many of these 
patients who would not be expected to have rein- 
nervation experienced slight breathiness between 2 
and 3 months after injection and maintained the same 
quality of voice thereafter. On the other hand, some 
of the patients with a good prognosis for reinnervation 
—ie, idiopathic, carotid endarterectomy, or intubation 
— maintained an excellent voice beyond 6 months. It 
is possible that these patients had partial reinnervation 


without return of vocal fold motion, because of either 
laryngeal synkinesis and/or cricoarytenoid joint fi- 
brosis. That the muscle bulk would be maintained 
with reinnervation would explain the good long-term 
results attained in these patients. 


Although we recognize that objective measures 
are important in evaluating the efficacy of phono- 
surgical procedures, we have not found these mea- 
sures, such as maximum phonation time (MPT), to 
accurately reflect the degree of glottic competence in 
patients with unilateral vocal fold paralysis. Subjec- 
tively, many of our patients experienced reduced 
vocal effort, but demonstrated only a slight improve- 
ment in MPT postoperatively. This may be a reflec- 
tion of the patients’ attempt to compensate for the 
breathy hypophonia by forced supraglottic hyperac- 
tivity during the preoperative evaluation, which would 
result in an artificially high MPT. Another factor 
affecting MPT is pulmonary function. The MPT will 
be reduced in patients with poor pulmonary function, 
such as in patients with lung cancer and elderly 
patients, and again may not accurately reflect the 
degree of glottic competency. For these reasons, the 
efficacy of medialization with fat injection was as- 
sessed by subjective evaluation and sequential MRI 
imaging. The findings on MRI indicated that the 
injected fat does survive up to 6 months; however, the 
signal intensity decreased after 3 months. This sug- 
gests that some resorption does occur over time. 
Unfortunately, it was not possible to quantitate the 
volumetric loss. Such volumetric loss has been previ- 
ously demonstrated in animal studies. The long-term 
survival of injected autologous fat in the thyroary- 
tenoid muscle has been studied histologically in the 
canine model by Zaretsky et al,!! as well as Mikus et 
al.!2 These histologic studies showed presence of the 
injected fat in the muscle beyond 3 months; however, 
resorption did occur with time. In the study by Zaretsky 
et al, persistence of injected fat was seen in the 
thyroarytenoid muscle at 9 months, although the 
authors did note progressive loss of medialization on 
endoscopic examinations, suggesting that some of 
the injected fat does resorb with time. Similar find- 
ings were also reported by Mikus et al, who found the 
fat graft survival rate was 22% to 31% at 6 weeks and 
10% to 21% at 12 weeks. 


The method of fat harvesting and processing can 
influence survival of the fat cells. Controversy exists 
in the literature regarding the optimal technique. 
Mikus et all? compared fat survival rates for the 
technique of liposuction versus that of purification by 
morselization, centrifugation, and aspiration of “pure” 
fat cells. They found that the survival percentages 
were slightly better with the liposuction technique. In 
the present study, the fat was harvested through an 
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abdominal incision, morselized, and washed thor- 
oughly of blood and connective tissue debris in all but 
3 patients, This technique was used because we felt 
that liposuction would be more likely to damage the 
adipose cells. Whether this technique yields longer 
survival of the adipose cells compared to liposuction 
or the purification technique developed by Mikus et 
al is not known at this time. Since the number of 
patients in the liposuction group is very small in our 
study, conclusions regarding the safety or success of 
the procedure related to the method of fat harvesting 
cannot be drawn. Indeed, further research is needed 
to evaluate the optimal harvesting and processing 
methods that would enhance long-term survival of 
the fat graft. 


Autologous fat injection appears to be a relatively 
safe procedure, as no short- or long-term complica- 
tions occurred at the injected or donor site in any of 
the patients. In this human study, histologic evalua- 
tion of the injected fat was obviously not possible; 
however, in a previous study using a canine model, 
we observed very little inflammatory response to fat 
that was injected into the thyroarytenoid muscle.!! It 
is a relatively safe procedure, provided that the tech- 
nique is performed properly. The fat should be in- 
jected by the same principles used for Teflon injec- 
tion: it should be injected into the thyroarytenoid 





muscle at the level of the true vocal fold, and injection 
into the subglottic space should be avoided. How- 
ever, in contrast to Teflon injection, fat should be 
injected to overmedialize the vocal fold well past the 
midline, as absorption is expected. 


CONCLUSIONS 


Autologous fat injection for unilateral vocal fold 
paralysis is a relatively safe and simple procedure 
with good, predictable results in the first 2 months. 
The results are less predictable beyond 2 months, as 
significant resorption can occur. Therefore, unlike 
Teflon, it is essential that the vocal fold be overme- 
dialized considerably at the time of injection. Our 
results suggest that autologous fat may be an ideal 
substance for medialization of a paralyzed vocal fold 
that is expected to gain return of function. It appears 
to last longer than Gelfoam, which is currently the 
only injectable substance used for temporary medial- 
ization. It can also be used in cases in which the 
prognosis of recovery is uncertain, although the pa- 
tient must be informed that reinjection or another 
medialization procedure may be necessary after 3 
months. Since there are no contraindications or ad- 
verse side effects with this technique, injections can 
be repeated as necessary until the decision is made to 
proceed with a permanent procedure, such as aryte- 
noid adduction or thyroplasty. . 
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TREATMENT OF CHRONIC PARANASAL SINUS PAIN WITH 
"4 MINIMAL SINUS DISEASE 


MARTIN A. ACQUADRO, MD, DMD WILLIAM W. MONTGOMERY, MD 
BOSTON, MASSACHUSETTS 


Acommon problem for otolaryngologists are patients who present with recurrent, persistent sinus pain that appears out of proportion 
to the findings on physical examination. Often these patients have a history of recurrent sinusitis that required antibiotics or surgical 
intervention. Many have had repeated surgical procedures because of this pain. Other common past medical histories may include allergic 
rhinitis, facial trauma, or dental disease. Patients who have experienced documented acute sinusitis in the past will often present de novo 
with similar symptoms, but lack any objective evidence of a new active sinus infection. However, the diagnosis of sinusitis is not clearly 
removed from the patient’s or clinician’s mind, and the patient is further frustrated by the lack of adequate diagnosis, treatment, and 
resolution of symptoms. These patients may or may not be experiencing an upper respiratory tract infection or allergy with nasal drainage. 
Often, they are emotionally distraught from recurrent and persistent pain, the lack of resolution of their symptoms, dependency on 
narcotics and other analgesics, multiple consultations with a variety of clinicians, and the impingement of their symptoms on 
employment, interpersonal relationships, and societal and family obligations. If sinusitis is not found to be present, the otolaryngologist 
- must help the patient understand this point, reassure him or her that the otolaryngologist will still be vigilant for the development of 
sinusitis, and refocus the history and workup for some other cause of the recurrent and persistent paranasal pain. We review various 


treatment approaches to paranasal pains that are not the result of sinusitis. 


KEY WORDS — pain, paranasal sinus, sinusitis. 


INTRODUCTION 


Sinus pain and headache as a result of infection, 
tumor, and other causes most often resolve with 
successful medical or surgical treatment of the pri- 
mary disease process. However, there are many pa- 
tients referred to us with severe, persistent, and often 
debilitating sinus, facial, and headache pain who, 
following a thorough history, physical, and labora- 
tory evaluation, are not found to demonstrate any 
active disease of the sinuses or other structures of the 
head, neck, dental, or ocular areas. This presentation 
focuses on a brief review of relevant basic neuro- 
anatomy and neurophysiology, the adherence to a 
consistent definition of sinusitis, and the manage- 
ment of patients with a past history of sinusitis with 
persistent paranasal sinus pain and headache, but 
with minimal or no obvious residual sinusitis. 


NEUROANATOMY AND NEUROPHYSIOLOGY 


Peripheral Nervous System Contributors to Pain. 
Peripheral nerve receptors, called nociceptors, con- 
vey information regarding noxious stimuli. There are 
also low-threshold mechanoreceptive neurons that 
are stimulated by non-noxious stimuli, and wide- 
dynamic range neurons that are stimulated by both 
noxious and non-noxious stimuli.!:2 In the head and 
neck, these inputs converge primarily on the trigemi- 


nal brain stem sensory nuclear complex, as well as on. 


other cranial nerve nuclei.2 The sensitivity of the 
nociceptive afferents increases following even mild 
injury,’ resulting in sensitization. Injured tissue re- 
leases a variety of chemical irritants, and afferent 
nerve endings serve as sensors of the chemical and 
physical environment. This creates a state of hyper- 
algesia that, coupled with sensitization, results in 
facilitated nociceptive transmission. 


Central Nervous System Contributors to Pain. 
Afferent stimuli from the periphery undergo process- 
ing, including modulation, facilitation, and synapse 
relaying of the afferent stimuli as the stimuli enter the 
spinal cord and brain stem. It is important to note 
that there are many peripheral cranial nerve anasto- 
motic interconnections, central cross-synapse of vari- 
ous cranial nerves with other nuclei, and convergence 
of cranial nerves, cervical nerves, and autonomic 
nervous system in a broad area of the brain stem.” 
While lateral thalamic projections are associated 
with discrimination of location regarding stimulus 
origin, the medial thalamic projections play an im- 
portant role in the emotional and perceptual responses 
to head and neck pains. All these factors may help 
explain the referral patterns of pain, extension of pain 
from one area to another, development of myofascial 
pain, various forms of vascular headaches, muscle 
contraction headache, a variety of neuropathic pains, 
and exacerbation of pain symptoms with emotional 
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stress,&8 


Plasticity and Deafferentation. Plasticity and de- 
afferentation may be possible explanations for some 
presentations with persistent paranasal sinus pain, 
pressure, and headache in patients with a history of 
trauma, repeated surgical procedures, dental extrac- 
tions, turbinectomies, chronic allergies, or repeated 
infections who now present without any obvious 
disease. 


A characteristic being recognized by a number of 
researchers, termed plasticity, refers to the results of 
certain initiating noxious injuries whereby the ner- 
vous system’s ability to handle information is altered, 
resulting in that information’s being confused with 
other neural signals. In the case of pain, stimuli that 
would normally be perceived as nonpainful are, as a 
result of plastic changes in the nervous system, per- 
ceived as painful. Alterations in the afferent input can 
result in chemical and morphologic changes within 
thecentral nervous system. Plasticity may result from 
injury or trauma. These changes can result in a 
number of conditions such as causalgia, neuralgia, 
and other neuropathic conditions.?-!! As stated ear- 
lier, the release of various neurochemical mediators 
involved in inflammation can result in heightened 
sensitivity, and the spread of pain and inflammation 
to adjacent tissues. There are studies that have also 
demonstrated heightened excitability of central neu- 
rons in nociceptive pathways that can be explained by 
a central enhancement of the convergent afferent 
inputs to the more central neurons, Such effects and 
changes may occur within minutes or, more com- 
monly, over time, in situations of prolonged trauma, 
repeated trauma, or inflammation. 


Deafferentation refers to the destruction, damage, 
avulsion, or transection of nerve tissue. Situations 
that may result in modified nociceptive transmission 
and processing include abnormal firing patterns in 
nerves after demyelination, nerve transection result- 
ing in neuroma formation, and nerve damage with 
abnormal central modulation and inhibition follow- 
ing deafferentation. Pain of this type can also be seen 
in some individuals following dental extraction re- 
sulting in the phenomenon of “phantom tooth pain.” 


Therefore, given the studies to date, itis reasonable 
to speculate that plasticity and deafferentation may 
occur, involving the trigeminal somatosensory sys- 
tem, following infections and surgeries of the si- 
nuses, dental extractions, and turbinate resection, to 
mention just a few possibilities. There may be central 
neural changes that occur after trauma or routine 
therapeutic procedures in some individuals that result 
in deafferentation, and the likelihood that these 
changes may contribute to the development of chronic 


pain.2,10 


Segmental and Central Modulation of Pain. Modu- 
lation of somatic and visceral afferent inputs can also 
occur at the segmental level.*! Noxious stimuli can 
be suppressed by non-noxious stimuli, such as through 
the use of transcutaneous electrical nerve stimulation 
or acupuncture. This type of neuronal inhibitory 
control has been termed diffuse noxious inhibitory 
control.2!3-!5 In addition, there are central- controls 
involving enkephalins, endorphins, dynorphin, sero- 
tonin, noradrenaline, and other neurochemicals. These 
endogenous substances may activate descending con- 
trol systems or be involved in their actions. Stimula- 
tion of the midbrain periaqueductal gray matter and 
the nucleus raphe magnus suppresses the activity of 
nociceptive trigeminal brain stem neurons, as well as 
associated behavioral responses and reflexes.!5 


Migraine and Tension-Type Headache Pain. The 
pathogenesis of migraine headache is still not en- 
tirely clear. For decades, it has been considered a 
vascular disorder, with ergotamine and other vaso- 
constrictors diminishing extracranial blood flow, pul- 
sation amplitude, and headache pain intensity. Mos- 
kowitz!® has postulated that the trigeminal nerve may 
be involved in the pathogenesis of migraine. The 
trigeminal nerve is capable of releasing several neu- 
ropeptides, and activation of the trigeminal nerve in 
experimental animals leads to plasma protein extra- 
vasation in the dura mater.!§ Recently, a more se- 
lective cranial vasoconstrictor, sumatriptan succi- 
nate, which works at the specific 5-HT1D (S-hydroxy- 
tryptamine receptor 1 subtype D) receptor site, has 
been found effective in the treatment of migraine.!7 
Sumatriptan has an action in antagonizing the ex- 
travasation in the dura mater produced by trigeminal 
nerve stimulation, and this may explain in some part 
its effectiveness in providing relief during a migraine 
attack.!® It is interesting to note that many patients 
who feel they have recurrent sinusitis, but lack evi- 
dence of a current sinusitis, experience decreased 
paranasal head pain with the use of various nasal 
spray vasoconstrictors. This may be a diagnostic clue 
that the patient has a vascular headache pain. 


For several decades, tension-type headaches have 
been associated with extracranial and nuchal muscle 
contracture. There are investigators who have con- 
sidered a combination of vascular disturbances medi- 
ated by the trigeminal and cervical nerves in combi- 
nation with increased muscle contraction as causes 
for the symptoms of tension-type headache. !6 


TREATMENT OF PARANASAL SINUS PAIN 


The focus of this presentation is on the treatment of 
patients who present with chronic paranasal sinus 
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pain and a past history of documented sinus disease, 
but who now present with no obvious current disease 
to account for their pain. 


Definition of Sinusitis. A significant problem in 


the diagnosis and treatment of sinusitis is the lack of - 


precision and specificity by clinicians in the diagno- 

‘sis of sinusitis. In our clinical experience, we define 
sinusitis as an upper respiratory tract infection with 
purulent discharge from the nasal passages or naso- 
pharynx; intermittent or persistent fever; intermittent 
or persistent facial pain, tenderness, or headache over 
the areas of the maxillary, ethmoid, or frontal sinuses; 
supporting laboratory documentation of abundant 
white cells in the nasal discharge; culture of the 
discharge indicating an abundance of a particular 
organism or organisms; and radiographic evidence of 
opacification or air fluid levels on Caldwell views, 
Waters views, or computed tomography scans. The 
distinction between acute and chronic sinusitis is 
arbitrary and relates to the time duration of the 
disease process, and expected resolution of an acute 
infection with an appropriate course of antibiotic 
therapy. 


In our experience with a large number of patients 
without any tangible evidence of sinusitis, one of the 
most important services an otolaryngologist can per- 
form for patients presenting in this manner is to 
carefully document the lack of any evidence of si- 
nusitis, and clearly communicate this fact to the 
patient. Where there is evidence of infection, clearly 
indicating sinusitis, this should be treated appropri- 
ately. If pain persists, this fact should aid in subse- 
quent diagnosis and treatment. 


The pain of hypersensitivity reactions, vascular 
headaches including migraine and cluster headaches, 
tension-type headaches, neuralgias, temporomandibu- 
lar joint disorder, myofascial pain, infection, aller- 
gies, facial trauma, tumors, dental disease, and ocular 
disease may occur once, repeatedly, or chronically 
and result in chronic pain. The treatment for these 
seemingly diverse acute and chronic disorders shares 
many of the same basic science considerations re- 
garding neuroanatomy and neurophysiology outlined 
above. 7 


Headache Disorder. Following a careful evalua- 
tion of sinus disease in a patient with symptoms 
emanating from the sinus area, but without evidence 
of sinus disease, the patient may be concluded to have 
migraine headaches, or a related headache type. As 
Sinusitis and other intracranial structural abnormali- 
ties are excluded through history, imaging, and other 
diagnostic means, it is necessary at this point to 
redirect questions toward a more targeted history. 
This should not necessarily be viewed as evidence of 


a poor initial history. Quite often, it has been the 
patient or referring physician influencing the presen- 
tation as a sinusitis. 


The evaluation of headaches can be quite time- 
intensive, and require diagnostic and treatment mo- 
dalities outside the traditional realm of most special- 
ists. As a result, there are a growing number of 
physicians from a variety of specialties who are 
focusing their practice on the diagnosis and treatment 
of headache disorders. If a vascular headache, ten- 
sion-type headache, temporomandibular joint dis- 
ease, trigeminal neuralgia, or other, less common 
neural gias of the cranial nerves including postherpetic 
neuralgia, glossopharyngeal neuralgia, vagal neural- 
gia, sphenopalatine neuralgia, superior laryngeal neu- 
ralgia, or atypical facial neuralgia is apparent, the 
otolaryngologist has options to manage the patient 
himself or herself, remain as a consultant with recom- 
mendations to the referring physician, or refer the 
patient to a headache specialist. Regardless of who 
manages the patient, there is increasing emphasis on 
a multidisciplinary approach. The more experience a 
clinician gains in obtaining a history for headache, 
focusing on pertinent symptoms, the more skilled the 
clinician will become in diagnosis. 


Migraine Headache. Migraine headache is diag- 
nosed by a careful history. Often, in our clinical 
experience, patients present with a history of paranasal 
pain and state that decongestants provide relief of the 
pain. The decongestant is acting as a sympathomi- 
metic vasoconstrictor and, in our opinion, may be 
providing relief and a clue for an undiagnosed vascu- 
lar headache, rather than a sinus infection or neu- 
ropathic pain. 


The use of antibiotics can cause confusion. The use 
of various antibiotics may only temporally coincide 
with an otherwise natural resolution of a headache 
not related to any sinus disease. Indeed, some antibi- 
otics may contribute to headache, and the patient may 
reason that the wrong initial antibiotic had been 
chosen, after experiencing a resolution of headache 
pain temporally associated with a change of antibi- 
otic. Premonitory symptoms or auras and various 
dietary, emotional, and physical triggers may be 
evident. Triggers are important considerations in the 
history. Bright lights, hunger, fasting, skipping meals, 
hypoglycemia, alcohol, monosodium glutamate, ni- 
trates, tyramine, chocolate, caffeine (or withdrawal 
from caffeine), vasodilating drugs, changes in baro- 
metric pressure, emotional stress, depression, hor- 
monal changes associated with menses, and the ex- 
cessive use of ergotamine or analgesic abuse with 
rebound headache are some common precipitants. 


Treatment includes nonsteroidal anti-inflamma- 
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TABLE 1. ABORTIVE AND SYMPTOMATIC 
THERAPY FOR ACUTE MIGRAINE 
Abortive agents 
Ergotamine tartrate tablets 


2 mg tablet; 1 tablet sublingually at onset, then every 30 
minutes as needed; maximum 3 tablets per day, 5 tablets per 
week 


Ergotamine tartrate with caffeine tablets 


l mg ergotamine tartrate, 100 mg caffeine per tablet; 2 
tablets orally at onset, then 1 tablet every 30 minutes as 
needed; maximum 6 tablets per day, 10 tablets per week 
Ergotamine tartrate with caffeine suppositories 
2 mg ergotamine, 100 mg caffeine; 1 suppository at onset, 
then repeat in 1 hour as needed; maximum 2 suppositories 
per day, 5 suppositories per week 
Dihydroergotamine mesylate 
1 mL intravenously or intramuscularly every hour; maxi- 
mum 3 mL/d, 6 mL/wk 


Isometheptene mucate, dichloralphenazone, and acetamino- 
phen capsules (Midrin and others) 


Isometheptene 65 mg, dichloralphenazone 100 mg, acet- 
aminophen 325 mg; 2 capsules orally at onset, then 1 cap- 
sule every hour as needed; maximum 5 capsules per day, 15 
capsules per week 


Sumatriptan succinate 


6 mg subcutaneously, then in 1 hour as needed; maximum 
12 mg/d 


Nonabortive symptomatic agents 
Nonsteroidal anti-inflammatory agents 
Aspirin, ibuprofen 
Antinausea agents 


Metoclopramide hydrochloride, prochlorperazine maleate, 
chlorpromazine hydrochloride 


Analgesics 
Acetaminophen, narcotics 
Nasal decongestants 
Sympathomimetic nasal sprays 
Modified from Elkind and Jaramilla.}® 


tory drugs (NSAIDs), other analgesics, (rarely) opi- 
oids, antiemetics, ergotamine tartrate with or without 
caffeine, and sumatriptan for acute therapy. Impor- 
tant medical histories, potentially severe drug inter- 
actions, organ system toxicities, and other severe side 
effects must be considered, as well as the potential for 
abuse of various compounds in the control of fre- 
quent attacks (Table 118). 


Migraine prophylaxis should be considered in in- 
dividuals who experience migraine attacks more fre- 
quently than twice a month and in whom the attacks 
are easily managed, or in individuals in whom the 
attacks are so incapacitating, prophylaxis is of clear 
benefit. Therapy may include the use of beta blockers, 
calcium channel blockers, tricyclic antidepressants, 
the newer serotonin reuptake inhibitors (which have 
fewer side effects than the tricyclic antidepressants), 
careful use of NSAIDs to avoid the phenomenon of 


TABLE 2. PROPHYLACTIC THERAPY FOR MIGRAINE 


6-Adrenergic blocking agents 
Propranolol hydrochloride 80 to 240 mg/d orally in 3 di- 
vided doses; start with 20 mg 2 
to 4 times per day, and gradu- 
ally increase as needed and tol- 
erated; may switch to long-act- 
ing preparation when stable 
Atenolol 50 to 100 mg/d orally in single 
daily dose 
Timolol maleate 20 to 30 mg/d orally in 2 di- 
vided doses; start with 10 mg 2 
times per day, and gradually 
increase as needed and toler- 
ated 
Nadolol 40 to 120 mg/d in single dose; 
start with 20 to 40 mg/d, and 
gradually increase as needed 
and tolerated 
Metoprolol tartrate 100 to 200 mg/d in 2 to 4 di- 
vided doses 
Calcium channel blocking 
agents 
Diltiazem hydrochloride 90 to 360 mg/d in 3 or 4 divided 
doses 
Nicardipine hydrochloride 60 mg/d in 3 divided doses 
Nifedipine 30 to 120 mg/d in 3 divided 
doses 
Nimodipine 30 mg 3 or 4 times per day 
Verapamil hydrochloride 240 to 480 mg/d in 3 divided 
doses, 1 time per day if sus- 
tained-release 
Ergot compound 
Methysergide maleate 2 mg/d, increased at 3- to 4-day 
intervals to 4 to 8 mg/d in di- 
vided doses; long-term use as- 
sociated with retroperitoneal fi- 
brosis 
Modified from Elkind and Jaramilla.!8 


rebound headache, methysergide maleate, biofeed- 
back, and behavioral medicine (Tables 218 and 318). 


Our approach is conservative: obtaining a careful 
history, and directing our care toward an elimination 
diet if indicated, careful use of abortive medications 
such as NSAIDs to avoid the phenomenon of rebound 
headache, Midrin, ergotamine, and sumatriptan if 
indicated. If the headaches occur more frequently 
than two or three times per month and are considered 
debilitating, then consideration is given for prophy- 
lactic treatment such as with propranolol hydrochlo- 
ride or atenolol. 


Tension-Type Headache. Tension-type headache 
is the most frequent form of headache. Most often, 
tension-type headache involves the shoulder and 
neck muscles, with pain referred to the occipital, 
parietal, and retroorbital areas, more often develop- 
ing during the workday, and often lasting for several 
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TABLE 3. ANTIDEPRESSANT AGENTS 


Amitriptyline 25 to 75 mg/d at bedtime or in 
hydrochloride divided doses; may increase to 
200 mg/d 
Desipramine 25 to 125 mg/d at bedtime or in 
hydrochloride divided doses 
Doxepin hydrochloride 10 to 25 mg/d at bedtime or in 
divided doses; may increase to 
150 mg/d 
Imipramine hydrochloride 30 to 40 mg/d at bedtime or in 
divided doses; may increase to 
150 to 200 mg/d 
Nortriptyline 10 to 25 mg/d at bedtime or in 
hydrochloride divided doses; may increase to 
100 mg/d 
Fluoxetine hydrochloride 20 mg/d in morning; after several 
(Prozac) weeks, can increase to 40 mg/d in 
morning 
Sertraline hydrochloride 50 mg/d in moming; may increase 
(Zoloft) weekly if needed and tolerated to 
maximum of 200 mg/d 
Paroxetine hydrochloride 20mg/din morning; may increase 
(Paxil) weekly by 10 mg/d to 50 mg/d if 
needed and tolerated 


Modified from Elkind and Jaramilla.18 


days with varying severity. At times the scalp may be 
extremely sensitive to touch, and the occipital and 
parietal pains have a bandlike, squeezing quality, 
without the symptoms of nausea and vomiting. Se- 
vere pain may present in a variety of ways, including 
allodynia of the skin overlying the sinuses or referred 
to other areas of the facial skin, and variable headache 
presentations by the same patient, ranging from muscle 
contraction tension-type headache to vascular-type 
headache. However, some patients will present with 
varying severity of tension-type headache that can 
have more vascular headache features, similar to 
migraine, rather than myofascial headache pain. 


Therapy of acute tension-type headache includes 
NSAIDs, acetaminophen, and butalbital with or with- 
out caffeine, muscle trigger point injections with 
local anesthetics, muscular injection with botulinum 
A toxin, and muscular and emotional relaxation tech- 
niques including training in biofeedback. A common 
problem is the chronic overuse and subsequent abuse 
of acute pharmacologic therapeutic agents resulting 
n ae phenomenon of rebound headaches (Table 
Als), 


Our usual approach to therapy for chronic tension- 
type headache includes careful use of NSAIDs, tricy- 
clic antidepressants, and more recent serotonin re- 
uptake inhibitors; effective training and use of bio- 
feedback; behavioral medicine; and physical therapy 
(Tables 3 and 4). We will sometimes employ local 
anesthetic trigger point injections into neck and shoul- 
der muscles with active trigger points in patients with 


TABLE 4. TENSION-TYPE HEADACHE THERAPY 


Acute 
Pharmacologic 
Ibuprofen; naproxen sodium; acetaminophen; aspirin; acet- 
aminophen with codeine, butalbital, and caffeine (Fioricet); 
aspirin with codeine, butalbital, and caffeine (Fiorinal); 
narcotics 
Nonpharmacologic 


Heating pad, warm compresses, hot shower, rest, avoid 
stress, massage 
Chronic 
Pharmacologic 
Antidepressants such as amitriptyline hydrochloride, doxepin 
- hydrochloride, desipramine hydrochloride, fluoxetine hy- 
drochloride (Prozac), and sertraline hydrochloride (Zoloft) 


Nonpharmacologic 


Biofeedback, psychotherapy, dietary measures (to reduce 
vasoactive substances, high caffeine intake resulting in 
frequent rebound headaches, monosodium glutamate), and 
physical therapy 

Modified from Elkind and Jaramilla.'8 


myofascial pain and headaches, in conjunction with 
physical therapy. We also are injecting botulinum A 
toxin into facial, neck, and shoulder muscles, along 
with physical therapy, in individuals who have not 
responded to the more traditional approaches.!? The 
use of botulinum A toxin has been particularly help- 
ful in muscle pain and headaches in individuals with 
torticollis. 19 


Various Chronic Neuropathic Pains. Trigeminal 
neuralgia, or tic douloureux, so often presents in such 
a characteristic manner that it is rarely confused with 
sinusitis pain, migraine headache, cluster headache, 
tension-type headache, or temporomandibular joint 
pain. Trigeminal neuralgia pain is a brief, intense, 
lancinating unilateral maxillary division pain, ac- 
companied by a facial grimace or facial muscle 
contracture, triggered by physical stimulation such as 
cold wind or touch. A refractory period follows the 
pain attack. Neuralgia can further be classified as 
posttraumatic neuralgia, if the characteristic neural- 
gia-type pain began following an antecedent trauma 
or surgical procedure. It is frequently seen in the 
trigeminal distribution following dental extraction 
and involvement of various branches of the first and 
second divisions of the trigeminal nerve. 


Our treatment for trigeminal neuralgia most com- 
monly involves carbamazepine 800 to 1,200 mg/d in 
divided doses. Monitoring of the complete blood 
count and drug levels-is.done regularly, and the 
dosage is lowered’to the minimum level that still 
maintains reliefof:symptoms.:Serotonin reuptake 
inhibitors, bacléfen, and. phenytoin sodium are also 
used. ede 8 
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Radio frequency lesion, rhizotømy, and microvas- 
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TABLE 5. THERAPIES FOR NEUROPATHIC HEAD PAIN 


a-Adrenergic agonist 
Clonidine hydrochloride (Catapres) 


Anticonvulsants 
Carbamazepine (Tegretol) 


Divalproex sodium (Depakote) 
Substance P releaser (substance P is neurotransmitter of 
pain impluses from periphery to central nervous system) 
Capsaicin (Zostrix) 


Oral form of lidocaine hydrochloride 
Mexiletine hydrochloride 


Nonpharmacologic approaches 
Modified from Elkind and Jaramilla.!® 


cular decompression are various techniques employed 
when medical therapy has failed, or is not a feasible 
option. However, it is important to firmly establish 
the diagnosis of trigeminal neuralgia, which has a 
very distinctive and characteristic presentation. This 
entity most frequently responds to carbamazepine or 
radio frequency lesion. Other presentations, such as 
atypical facial neuralgia, will be less likely to dra- 
matically respond (Tables 3 and 518). 


Plasticity and Deafferentation. It is interesting to 
consider the theoretic possibilities of plasticity and 
deafferentation, presented earlier in the context of 
some patients who have undergone repeated sinus 
surgeries, trauma, turbinectomy, dental extractions, 
recurrent infections, and allergies and are currently 
without objective clinical findings consistent with 
sinusitis. They may still complain of pressure changes 
while in airplanes, weather pressure changes, and 
random attacks of pressure and fullness in their 
sinuses accompanied with sinus headache. They are 
not responsive to vascular headache medications or 
decongestants, but do respond to various medications 
used in neuropathic pain, including tricyclic antide- 
pressants and the newer serotonin uptake inhibitors, 
antiseizure medications, and the anxiolytic clonaze- 
pam. We often prescribe a tricyclic antidepressant 
such as desipramine hydrochloride, or the newer 
serotonin uptake inhibitors such as sertraline hydro- 


0.1 mg orally 1 or 2 times per day for postherpetic neuralgia, with- 
drawal symptoms, diarrhea, and migraine, and possibly pain mediated 
by sympathetic nervous system, such as causalgia or reflex sympa- 
thetic dystrophy; more recent nomenclature refers to sympathetic pain 
as complex regional pain, type I or II 


200 mg 3 times per day for cranial neuralgias; less effective for 
migraine; serious toxicities are possible; periodic monitoring of drug 
blood levels, complete blood counts, blood urea nitrogen, and urinaly- 
sis has increased safety and efficacy; dosage should be adjusted to 
needs of individual; low daily initial dosage with gradual increases 
advised; when adequate control is achieved, dosage may be reduced 
to minimum effective level 


250 mg 1 to 3 times per day 


Apply to area of pain 3 or 4 times per day; avoid contact with eyes; 
useful in postherpetic neuralgia, diabetic neuropathy, and arthritis, 
and possibly effective in cluster headaches 


300 mg orally 3 times per day; functions similarly to intravenous 
lidocaine hydrochloride for variety of neuropathic and vascular head 
pains 

Behavioral medicine, psychotherapy, physical therapy, transcutaneous 
electrical nerve stimulation, surgical and chemical neurolysis 


chloride or fluoxetine hydrochloride, which have 
fewer side effects. Strong consideration is given to 
transcutaneous electrical nerve stimulation, behav- 
ioral medicine, and substance abuse counseling. Bio- 
feedback techniques may be used as indicated. These 
forms of treatment may be used simultaneously with 
subsequent medications for infection and allergies 
when indicated clinically at future times. When con- 
sidering neuropathic pain, it is necessary to consider 
other causes, including nutritional deficiencies, meta- 
bolic abnormalities, medication side effects, radio- 
therapy, chemotherapy, and locally invasive infec- 
tious or oncologic disease (Tables 3 and 5). 


Post-turbinectomy pain is a rare problem found 
after turbinectomy, characterized by intense pain on 
gentle pressure to the mucosa overlying the area of 
the turbinates. This pain, and a variety of neuropathic 
pains, may respond variably to cervical sympathetic 
blockade. Sympathetically mediated pain, now more 
commonly referred to as complex regional pain types 
I and II, may play a role in the development and 
perpetuation of discomfort in post-turbinectomy pa- 
tients.” Exact mechanisms are not known, but sym- 
pathetic nerves are known to course with the vascu- 
lature of the head and neck.! In our experience, some 
patients report benefit from repeated local anesthetic 
blocks to the sphenopalatine ganglion, or from re- 
peated cervical sympathetic blocks, with relief last- 
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ing well beyond the clinically effective length of time 
of the local anesthetic. It is unclear whether sympa- 
thetic block produces analgesia by 1) interruption of 
' the sympathetic efferents peripherally with a spheno- 
palatine ganglion block, 2) blockage of afferent fi- 
bers traveling in the sympathetic chain with acervical 
sympathetic block, or 3) blockage of the afferents in 
the area of the turbinates, resulting in restoration of 
normal central nervous system inhibition and modu- 


lation in the trigeminal sensory brain stem com- 
plex.222.23 


Behavioral Medicine Issues. Frequently, behav- 
ioral medicine issues are the focus of treatment. As 
_ discussed previously, emotional stress can exacer- 
bate symptoms, and be relevant to the affective- 
motivational disorder of pain. This may also be 
particularly important in the level of function ability 
and disability. Modern multidisciplinary pain treat- 
ment often requires behavioral medicine therapy, and 
biofeedback relaxation techniques to run parallel 
with other treatments relevant to the patient’s par- 
ticular situation. In our experience, this has met with 
great success in a variety of headaches, including 
migraine and tension-type headaches, various neu- 
ropathic pains, and a variety of chronic pain situa- 
tions. Many of the patients with chronic paranasal 
sinus pain have a certain level of psychosocial dys- 
function or disability. The psychosocial dysfunction 
may include problems with employment, child care, 
and other family and societal obligations. Frequently, 
substance abuse and other psychosocial dependency 
issues develop. Depression, anxiety, neurosis, and 
compulsive behaviors are frequently noted. It is im- 
perative to consider a behavioral medicine evaluation 
that can document psychosocial function through 


standardized tools for assessment. Psychiatric con- 
sultation is sometimes indicated. Substance abuse 
and multiple other psychologic problems are often 
best addressed in an inpatient pain program facility in 
which a multidisciplinary approach is available. The 
patient, family, and referring clinician must be reas- 
sured that any of the patient’s concurrent organic 
disease, if present, can still be adequately diagnosed 
and treated concurrently. For patients with less seri- 
ous psychosocial impairment, behavioral medicine 
may still be beneficial regarding relaxation tech- 
niques and biofeedback training. Emotional stress 
may exacerbate a chronic sinus-type pain, and train- 
ing can often invoke cortical and autonomic influ- 
ences on modulation and facilitation of the chronic 
pain state. 


SUMMARY 


Chronic paranasal sinus pain is best approached in 
a potentially multidisciplinary way, focused to the 
individual’s needs. It is important to diagnose or rule 
out sinusitis with consistent criteria. If sinusitis is not 
found to be present, the patient must understand this 
point and be reassured that the otolaryngologist will 
still be vigilant for the development of sinusitis. The 
physician must then refocus the history and workup 
for some other cause of the recurrent and persistent 
paranasal pain. There are many overlapping presen- 
tations, but the issues of vascular and nonvascular 
headache, myofascial pain, atypical facial neuralgia, 
cranial nerve neuralgias, and other forms of neuro- 
pathic pain should be considered early in unusual 
pain presentations that may include heightened sensi- 
tivity, unusual pain patterns, emotional exacerbation, 
and persistence of pain with resolved or subclinical 
Sinus disease. 
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Winter Meeting, will be held in Aspen/Snowmass, Colorado, March 22-29, 1997. For further information, contact Prosper Meniere 
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AUTHOR’S CORRECTION 


The authors of “Aerodigestive Tract Foreign Bodies in the Older Child and Adolescent,” April 1996, pages 267-71, have requested 
that a correction be made in lines 2-3 of the Abstract to the article. The corrected lines should appear as follows: 


“A review of patients treated over a 5-year period identified 367 children evaluated for aerodigestive tract foreign bodies, from whom 


336 foreign bodies were removed.” 
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RESIDUE OF MIDDLE EAR CHOLESTEATOMA AFTER 
INTACT CANAL WALL TYMPANOPLASTY: 
SURGICAL FINDINGS AT ONE YEAR 


KIYOFUMI GYO, MD 
YASUYUKI HINOHIRA, MD 


YASUSHI SASAKI, MD 
NAOAKI YANAGIHARA, MD 


EHIME, JAPAN 


The rate of residual disease after surgery for acquired middle ear cholesteatoma was investigated in 167 ears of 164 patients who 
had undergone planned second-look tympanoplasty by the intact canal wall technique. Overall, operative findings at the second stage 
revealed 65 cases of residual disease in 48 ears (29%). These consisted of 50 squamous pearls, 11 cases of the flat, open type, and 4 cases 
of the extensive type. The configuration of residual disease is closely related to the technical difficulty of eradication, since en bloc 
removal is much easier in the squamous pearl than in the open or extensive type, mainly because of the unclear margin with the 
surrounding tissues. The proportion of cases of the open type was greater in children than in adults, in pars tensa cholesteatoma than in 
pars flaccida cholesteatoma, and in severe primary middle ear disease than in moderate or mild disease, although these differences were 
not statistically significant. The extensive type occurred in 4 ears with severe primary disease, 3 of which were in children. These results 
support the value and importance of the staged procedure for middle ear cholesteatoma, particularly when operated on by the intact canal 


wall technique. 


KEY WORDS — middle ear cholesteatoma, residual cholesteatoma, squamous pearl, staged tympanoplasty. 


INTRODUCTION 


Residual cholesteatoma occurs as a consequence 
of growth of the fragmental remnant of the matrix 
inadvertently remaining in the middle ear at the time 
of cholesteatoma surgery. This happens even after 
meticulous removal of the matrix under an operating 
microscope, irrespective of the surgical technique 
employed.!-3 Operative findings in revision or sec- 
ond-look operations in our clinic revealed that the 
residual disease took one of three configurations: a 
Squamous pearl type, a flat, open type, or an exten- 
sive type. Configuration of the residue is closely 
related to the prognosis of this disease, since en bloc 
removal is much easier with squamous pearls than 
with the open and extensive types because of their 
unclear margins. At present, it is not known what is 
responsible for the formation of the different shapes. 
The purpose of this study was to investigate the 
factors pertaining to the incidence of different shapes 
of residue from the findings at a second-look opera- 
tion. 

SUBJECTS AND METHODS 


Clinical data were obtained from 167 ears of 164 
patients with acquired cholesteatoma of the middle 
ear who underwent staged tympanomastoidectomy 
by the intact canal wall (canal-up) technique during 
the 15 years from 1980 to 1994. Those ears that had 
received previous surgery were not included in this 
study. The patients consisted of 89 males and 75 


females, ranging in age from 3 to 70 years. The 
operation was concluded by either one of the senior 
surgeons (K.G. and N.Y.). 


Surgical procedures basically followed those de- 
scribed by Sheehy and Patterson.! In the first stage, 
after completion of mastoidectomy and posterior 
hypotympanotomy, the cholesteatoma matrix was 
removed with care taken to keep the canal wall intact. 
Efforts were made for complete removal of the ma- 
trix by means of a tympanic mirror and/or a rigid 
endoscope. The incus and the head of the malleus, 
whenever involved in the disease, were removed to 
facilitate eradication of the matrix. Then, a silicone 
rubber sheet was introduced into the tympanic cavity 
through the facial recess opening and the epitym- 
panum. Perforation of the tympanic membrane was 
closed by grafting the temporalis fascia with a con- 
ventional underlay technique. Ossicular reconstruc- 
tion for hearing was not attempted at the first stage. 


The second-stage operation was conducted 9.9 + 
4,2 months after the first stage, the time span ranging 
from 4 to 19 months. The incidence of residual 
disease was evaluated on the basis of the findings at 
this stage. The x? test, with Yates’ correction when 
necessary, was used for statistical analysis of the 
data. 


CLASSIFICATION OF RESIDUAL DISEASE 
Residue of the cholesteatoma was classified into 
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three types by configuration: squamous pearl type; 
flat, open type; and extensive type (Figs 1 and 2). 
Squamous pearls represent epidermal cysts contain- 
ing keratin debris inside, and are formed in the middle 
ear cavity by covering from the regenerated mucous 
membrane or by burial in the process of granulation. 
En bloc removal is usually not difficult. The open 
type of residue is characterized by circumscribed flat 
epithelium with keratin debris. Detection of this 
configuration is easy only when keratin remains at its 
original site. Otherwise, discrimination from regen- 
erated mucosa or scar tissue is often difficult, even 
under an operating microscope. As the disease is 
locally confined, careful identification of its extent is 
important for eradication. The extensive type is de- 
fined as residual disease that grows rapidly to involve 


Keratin Debris 














Fig 2. Schematic drawings of A) squamous pearl and B) 
open type. 


Fig 1. Three types of residual cholesteatoma. A) Squamous 
pearl (arrow). B) Open type (arrow). C) Extensive type. 





the middle ear cleft and/or the mastoid cavity exten- 
sively. As the residue of this type is thought to be very 
aggressive in nature,’ there is a requirement for a 
third stage or conversion of the surgical procedure 
from canal-up to the conventional radical operation. 


RESULTS 


Overall, 65 residual cholesteatomas were detected 
in 48 of 167 ears (29%), consisting of 50 squamous 
pearl types, 11 open types, and 4 extensive types. 
Simultaneous occurrence of a squamous pearl and an 
open-type residue was seen in 3 cases. More than two 
pearls in 1 ear were found in 9 ears: two pearls in 5 
ears, three in 3 ears, and four in 1 ear. 


Table 1 shows a comparison between the ages of 
patients and the detection rates of residual disease at 
the second stage. Percentages of residual disease 
decreased with increasing age of the patient: children 
under 15 showed the greatest incidence, 48%, and 
adults between 46 and 60, only 8%. There was a trend 
toward a high proportion of open-type residue in 
children; however, no substantial difference in the 
incidence of the three types could be demonstrated 
between the age groups. 


The site of the original cholesteatoma was ana- 
lyzed with respect to the presence of residual disease. 
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TABLE 1. FREQUENCY OF RESIDUAL DISEASE BY AGE, SITE, AND SEVERITY 
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No. of Ears With Residual Disease 


No. of Squamous Open Pearl & Extensive 
Ears Pearl Type Open Type Total 

Age (y) at primary 

operation 

Under 15 42 13 4 0 3 20 (48%) 

16 to 30 25 6 1 1 0 8 (32%) 

31 to 45 48 10 2 1 l 14 (29%) 

46 to 60 37 2 0 1 0 3( 8%) 

61 and over 15 2 1 0 0 3 (20%) 
Total 167 33 8 3 4 48 (29%) 
Site of primary 

cholesteatoma 

Pars flaccida 73 16 3 0 0 19 (26%) 

Pars tensa TI 15 5 2 3 25 (32%) 

Unclassified 17 2 0 1 1 4 (24%) 
Total 167 33 8 3 4 48 (29%) 
Severity of disease 

at primary operation 

Severe 66 16 5 3 4 28 (42%) 

Moderate 52 1 2 0 0 13 (25%) 

Mild 49 6 1 0 0 7 (14%) 
Total 167 33 8 3 4 48 (29%) 


The lesions themselves were classified from the 
surgical findings as pars flaccida or pars tensa chole- 
steatomas. When the site of the cholesteatoma was 
not specified or the lesion was too extensive, a desig- 
nation of “unclassified” was assigned. As shown in 
Table 1, the incidence of residual disease, especially 
that of the open and extensive types, was higher in 
pars tensa than in pars flaccida cholesteatoma, al- 
though this tendency was not statistically significant. 


Table 1 also represents the relationship between 
the severity of middle ear disease at the primary 
operation and the incidence of residual disease. The 
severity of disease was classified subjectively as 
severe, moderate, or mild, on the basis of the state of 


Attic 


Round Window 
and Hypotympanum 





Fig 3. High-risk areas of residual disease after surgery of 
middle ear cholesteatoma by intact canal wall technique. 


the cholesteatoma and the middle ear inflammation. 
Residual disease, especially of the open type, oc- 
curred more frequently in cases with severe than 
moderate or mild primary disease. Simultaneous 
squamous pearls and open-type residues, and the 
occurrence of extensive-type residual disease, were 
recognized only in the severe disease group. 


Residual disease tended to develop at locations in 
which access to the cholesteatoma matrix was diffi- 
cult at the primary operation (Fig 3). Relationships 
between the shape and site of the residue are summa- 
rized in Table 2. The extensive type, which involved 
more than two anatomic sites, was not included in this 
analysis. Residual disease was found more often in 
the middle ear cleft than in the mastoid cavity. The 
incidence was the greatest in the attic, especially at 
the tegmen. The stapes and the tympanic sinus, in- 


TABLE 2. SITE OF INCIDENCE VERSUS 
SHAPE OF RESIDUAL DISEASE IN 44 EARS 
No. of Residues 


Squamous Open 


Site of Residue Pearl Type Total 
Attic 23 2 25 
Stapes and tympanic sinus 17 7 24 
Hypotympanum and round 

window 7 2 9 
Mastoid cavity 3 0 3 
Total 50 11 61 


Data of 4 cases with extensive-type residues were not included. 
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cluding the horizontal portion of the facial nerve, 
were also predominant sites of residual disease in 
cases of pars tensa cholesteatoma. Although the inci- 
dence of squamous pearls overwhelmed that of the 
open type in all sites of the middle ear, 7 of 11 open- 
type residues were detected at the stapes or the 
tympanic sinus. Statistical analysis, however, re- 
vealed no significant correlation between the shape 
and the site of the residue. 


When residual disease was detected at the second- 
stage operation, it was carefully removed with the 
Surrounding granulation tissue and the middle ear 
mucosa. Then, the ossicular chain was reconstructed 
and the bone defect at the scutum was repaired with 
a sliced cartilage and bone pate to prevent recurrence. 
Detailed surgical techniques for reconstruction of the 
ossicular chain and for prevention of a retraction 
pocket, together with long-term outcomes of the 
surgery including hearing results, were reported in 
our previous papers.56 Two of the extensive cases 
were subjected to a third-stage operation, and forma- 
tion of a squamous pearl was indicated in both cases 
at the later operation. In these 2 cases, surgical 
procedures were converted from the canal-up proce- 
dure to the conventional radical operation. 


DISCUSSION 


Residual cholesteatoma is among the major causes 
of failure in surgical treatment of cholesteatoma, the 
incidence of which varies from 1.5% to 57%!.2.4.7.8 
and depends on a variety of factors such as age of the 
patient, the site of the original cholesteatoma, the 
surgeon’s skill, and the follow-up period. Residual 
cholesteatoma may occur long after the initial sur- 
gery; the accumulated sum of residual recurrence 
increases with years after surgery, until it stabilizes at 
6 to 8 years postoperatively.”8 This indicates that 
long-term follow-up is most important after surgery 
for cholesteatoma. 


Various factors affecting the incidence of residual 
disease can be assessed adequately at the second 
stage of tympanoplasty.‘ It should be noted that we 
attempted to excise the cholesteatoma matrix as com- 
pletely as possible during the first-stage operation. 
Findings at the second stage revealed that residual 
disease tended to occur, more often than not, in 
children, in pars tensa cholesteatoma, and in ears with 
severe primary disease, although these tendencies 
were not statistically significant, most likely because 
of the limited sample size. As pointed out by Gristwood 
and Venables,’ age at operation was an important 
prognostic indicator of residual disease. The inci- 
dence was the highest in children, and decreased 


dramatically with increasing age of the patients in 
this study. Residual disease occurred most frequently 
in the attic, followed by the stapes and the tympanic 
sinus. The high incidence in the attic is attributed to 
the involvement of this region not only in pars flaccida 
cholesteatoma but also in pars tensa cholesteatoma. 
The increased incidence at the stapes and the tym- 
panic sinus is explained by the technical difficulty of 
removing the cholesteatoma matrix completely. 


The shape of the residue is considered to represent 
the state of the cholesteatoma.‘ From a clinical point 
of view, the squamous pearl is regarded as the end 
stage because it is easily removed, while an open- 
type residue retains its potential for further growth. 
Fortunately, the incidence of squamous pearls is 
greater than that of the open type. From observations 
at second-look operations, Schuring et alf reported 
detection of residual disease in 35% of 354 ears, 
consisting of 21% squamous pearls and 14% open 
and other types. In their cases, the age of the patients 
was closely related to the shape of the residue; the 
ratio of squamous pearls was higher in children than 
in adults. In the present study, however, squamous 
pearls occurred more frequently in adults than in 
children. As a flat cholesteatoma often exhibits more 
rapid and aggressive growth than pearl-shaped chole- 
steatomas,? the high ratio of open-type residues in 
children may reflect the insidious nature of chole- 
steatoma in young patients. The incidence of open- 
type residues was also remarkable in pars tensa 
cholesteatoma and in severe primary disease, occur- 
ring predominantly around the stapes and the tym- 
panic sinus. However, no firm conclusion concern- 
ing the factors responsible for the shapes of the 
residue can be drawn from the present clinical data. 


In an experimental study using rats, Vennix et al!® 
reported important findings concerning the shapes of 
the residues. They transplanted a skin graft in the 
middle ear of the animals and found that growth of 
granulation around the retained matrix played an 
important role in formation of a squamous pearl. 
They further reported that extensive growth of the 
graft occurred only in conjunction with bacterial 
infection. 


Residual cholesteatoma occurs even after canal- 
down tympanoplasty.!:2:7 However, this problem is 
more critical in cases treated with the canal-up proce- 
dure, since lesions in the attic and the mastoid are 
obscured until they have progressed quite far. The 
present study confirmed the previous findings!27.8 
that complete eradication of the cholesteatoma ma- 
trix with one surgical procedure is not always pos- 
sible. Although the surgical procedure should be 
individualized on a case-by-case basis, we recom- 
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mend a planned second-look procedure 6 to 12 months 
after initial surgery maintaining the canal wall, even 
when the surgeon is fully confident of complete 


excision of the cholesteatoma. Of prime importance 
is the need for prolonged postoperative follow-up 
care. 
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ENDONASAL ENDOSCOPIC CLOSURE OF CEREBROSPINAL FLUID 
FISTULAS AT THE ANTERIOR CRANIAL BASE 
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This study reports our indications and limits for endonasal endoscopic closure of dural defects with a cerebrospinal fluid (CSF) leak 
at the anterior cranial base, and demonstrates our surgical technique. Fifty-three patients with CSF rhinorrhea were reassessed for the 
success rate of closure of the CSF leak. Surgery was successful in 98%, and 68% of fistulas were closed endoscopically. A free graft of 
autogenous mucoperiosteum of the inferior turbinate was the most frequently used tissue for defect closure. The endonasal endoscopic 
route proved relatively safe for the closure of dural tears, irrespective of the cause, up to about 10 x 10 mm. It is characterized by minimal 
morbidity because of the preservation of sinus ventilation and bony structures, supraorbital nerves, and olfactory fibers. Defects larger 
in size, predominantly of traumatic origin, were closed via the transfacial approach. The decision on the surgical approach was 
additionally based on the extent of the facial soft tissue injuries and the localization of the leak. 


KEY WORDS — cerebrospinal fluid rhinorrhea, endoscopic surgery. 


INTRODUCTION 


Cerebrospinal fluid (CSF) rhinorrhea usually is 
caused by trauma to the head or follows surgery for 
various inflammatory or tumorous diseases at the 
anterior cranial base. Rare causes of CSF leaks have 
been repeatedly described: for example, intracranial 
tumors, congenital or acquired hydrocephalus, osteo- 
myelitis, meningoencephaloceles, and congenital de- 
fects in the osseous anterior cranial base.!-3 Surgical 
closure of the CSF leak, irrespective of its pathogen- 
esis, is traditionally performed by the transfacial rhi- 
nosurgical route or the subfrontal neurosurgical 
route.*© 


Since the development of endonasal endoscopic 
surgery in the 1970s by the senior author of this 
report’ and Messerklinger,® it has proved to be of 
value in the treatment of the paranasal sinus diseases. 
Good illumination and magnification offered by the 
use of an endoscope or a microscope allow the 
relatively safe exposure of the important regions, 
including the floor of the anterior cranial fossa. In- 
creased experience with endoscopic surgery led us to 
expand the surgical indications, and to use this route 
for the closure of the CSF leaks. The purpose of this 
study is to report our indications and limits for en- 
donasal endoscopic closure of dural defects at the 
anterior cranial base, and to demonstrate our surgical 
technique and results. 


PATIENTS AND METHODS 


Between 1982 and 1993, 53 patients with CSF 
rhinorrhea were treated in the department of otorhi- 


nolaryngology (Figs 1 and 2). A CSF leak as a com- 
plication of paranasal sinus surgery was observed in 
24 patients, 20 of whom had received endonasal 
surgery. A further 24 patients presented with a CSF 
leak following a minor head injury, and with fracture 
lines at the floor of the anterior cranial fossa as 
demonstrated by high-resolution computed tomog- 
raphy. None of these patients required neurosurgical 
treatment or craniotomy. Five patients, with no his- 
tory of trauma or previous surgery and no obvious 
explanation for the CSF rhinorrhea, were considered 
as having spontaneous fistulas. 


Our standard technique for the endoscopic closure 
of small dural leaks was reported in detail previ- 
ously.’ The fistula is inspected with the endoscope, 
and the integrity of the neighboring bone tested by 
careful probing with a fine elevator. Mucosal rem- 
nants are removed from a surrounding area of 2 to 3 
mm with small cupped forceps. An oval mucoperi- 
osteum flap is now harvested from the free edge of the 
inferior turbinate, carefully smoothed on its internal 
surface, and freed of bone, but not overly thinned. 
This free autogenous graft is fixed over the fistula 
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Fig 1. Cause of cerebrospinal fluid leaks in 53 patients. 
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anterior ethmoid 
(incl. nasofrontal duct) 





Fig 2. Localization of cerebrospi- 
nal fluid fistulas. A) Iatrogenic 
fistulas (24). B) Traumatic fistulas 
(24). C) Spontaneous fistulas (5). 
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with a moderate overlap by means of fibrin glue. The 
procedure ends with packing of two layers of moist 
Gelfoam, to be left in place for more than 2 weeks. 
Under this lies a layer of packing of cotton strips 
soaked in Aureomycin, exerting slight upward pres- 
sure. It should be left in place for 10 days. The patient 
is additionally put on an antibiotic regimen. Lumbar 
CSF drainage is not necessary. 


In patients not suitable for endoscopic closure of 
the CSF leak, for reasons discussed below, closure 
was performed via the classic transfacial route.!° 


Twenty-seven of the 53 treated patients came in for 
reassessment in the second half of 1994. The exami- 
nation included history, endoscopy of the nose, and, 
in selected patients, B2-transferrin detection,!! in- 
trathecal sodium fluorescein application,!! and high- 
resolution computed tomography in coronal sec- 
tions. Preoperative and postoperative olfactory func- 
tion was tested by semiquantitative and qualitative 
clinical olfactometry (squeeze bottle, eight dilu- 
tions).! The remaining 26 patients were evaluated on 
the basis of a detailed questionnaire concerning their 
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present status. The average follow-up period was 5.6 
years (range 1 to 12 years). 


RESULTS 


Results are shown in Figs 3 and 4. All 18 iatrogenic 
fistulas that occurred during sinus surgery in our 
department were immediately recognized and closed 
in the course of the same operation. In comparison, of 
6 patients operated on elsewhere, in only 1 instance 
was the fistula recognized intraoperatively and the 
patient referred for closure. The other 5 patients were 
referred 3 to 8 weeks after paranasal sinus surgery, 
either with postoperative meningitis or with rhinor- 
rhea. 


Four iatrogenic fistulas that occurred during trans- 
facial frontal sinus surgery were closed by the same 
route (Fig 3). All but 1 of 20 fistulas complicating 
endonasal surgery were closed endoscopically. In a 
patient who developed postoperative meningitis after 
endonasal sinus surgery, a 2-cm large bony defect of 
the ethmoidal roof was closed by the transfacial 
approach. 


Fig 3. Surgical approaches for 
closure of fistulas. A) Iatrogenic 
fistulas (24). B) Traumatic fistulas 
(24). C) Spontaneous fistulas (5). 
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Three spontaneous CSF leaks, localized in the 
sphenoid or ethmoid sinuses, were closed endo- 
scopically. Two spontaneous leaks on the posterior 
wall of the frontal sinus were approached by the 
transfacial route. 


The success rate of permanent closure of the CSF 
leak was 98%. In 1 patient several endoscopic proce- 












Fig 5. Anterior skull base of rabbit 3 weeks after closure 
of 4-mm cerebrospinal fluid leak with autogenous free 
mucosa graft (H & E, original x5). There is tight adhesion 
of graft to hypertrophic bone. 1 — Gelfoam, 2 — graft, 
3 — new bone formation, 4 — osseous defect at anterior 
skull base, 5 — endocranium. 
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Fig 4. Material used for closure of 
fistulas. A) Iatrogenic fistulas. B) 
Traumatic fistulas. C) Spontane- 
ous fistulas. 


dures failed to permanently close the leak, which was 
then closed by the subfrontal, intradural procedure. 


DISCUSSION 


In contrast to CSF otorrhea, every CSF leak at the 
anterior cranial base has to be closed surgically to 
prevent serious complications. The difference lies in 
the contamination of the nose with pathogens that 
may cross the interrupted barrier to the brain and lead 
to meningitis, even many years after the trauma. 
There are many reports in the literature concerning 
late complications of persistent CSF rhinorrhea.4!3 
The importance of this problem was confirmed in our 
present series, in which 6 patients developed compli- 
cations 3 to 50 years after trauma. Occasionally the 
rhinorrhea may cease spontaneously because of brain 
herniation into the dural defector thin scar formation, 
but nevertheless, surgery has to be performed. 


In a recent extensive review of the literature on the 
complications of sinus surgery, Lawson!4 listed the 
incidences of CSF leaks among various reports. The 
reported range for endoscopic surgery was 0% to 3%. 
Initial reports of our results were given previously on 
three occasions.®™!5:16 This study reviews the patient 
material of the department in an 11-year period with 
more than 30 surgeons involved. Among a total 
number of 1,054 endoscopic sinus operations in this 
period, 14 CSF leaks occurred (1.3%). There were 
typical regions of danger during the surgery: the 
lateral lamella of the cribriform plate; the posterior 
border of the nasofrontal duct; and the olfactory 
region, including the medial aspect of the middle 
turbinate. The vast majority of bony injuries and 
dural tears in the course of endoscopic surgery were 
only a few millimeters in size, but were readily 
recognized by the surgeon. 


In cases of advanced polyposis it is safer to expose 
the ethmoidal roof from posterior, beginning at the 
posterior ethmoid and then advancing along the clearly 
visible white mucosa of the ethmoidal roof toward 
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the nasofrontal duct. Inadequate exposure of the 
anterior ethmoid and blind probing of the nasofrontal 
duct may lead to perforation of the duct’s posterior 
border. Using blunt instruments for polyp removal 
instead of sharp biting forceps may damage olfactory 
fibers and produce a CSF leak. The dura is closely 
adherent to the bone in that region, and tears easily. 
Also, the placement of a graft over the dural defect 
but under the bony edges is seldom possible for such 
small defects.!0 Autogenous mucoperiosteum of the 
inferior turbinate glued over the fistula offers several 
advantages. Itis readily available in sufficient size for 
the closure of most defects, only minor surgery for 
graft harvesting is necessary, and the texture of the 
mucoperiosteum permits a more secure seal than a 
simple nasal mucosa flap. Goede et al!’ showed, on 
the basis of animal experiments and histologic stud- 
ies, that after the first week the mucoperiosteum 
tightly adheres to the surrounding bone, and after 3 
weeks it is completely transformed into fibrous con- 
nective tissue (Fig 5). They suggested that the size of 
the graft should surpass the defect size by 30%, to 
compensate for postoperative graft shrinkage. 


Furthermore, endoscopic, minimally invasive ex- 
posure allowed secure closure of defects localized 
very Close to the ostium of the frontal sinus, and still 
a ventilated frontal sinus could be preserved. The 
bony support of the frontal sinus floor, the supraor- 
bital nerves, and the olfactory fibers could thus be 
preserved, in contrast to the external procedure. 


Dural tears up to 15 mm in length could reliably be 
closed by the aforementioned technique irrespective 
of their cause. Dural defects up to about 10 x 10 mm 
could be closed endoscopically by using an addi- 
tional layer of fascia. Larger defects, predominantly 
of traumatic origin, were closed via the transfacial 
approach using temporalis fascia, fascia lata, or ga- 
lea-periosteum grafts. In addition to the size of the 
dural defect, the decision about the surgical approach 
in a traumatic CSF leak depended on the extent of the 
facial soft tissue injuries and the localization of the 
leak. Leaks localized in the walls of the sphenoid 
sinus or the roof of the ethmoids were visualized 
clearly by the use of an endoscope. In contrast, 
multiple and transverse fractures of the cribriform 
plate with or without involvement of the crista galli 
were better exposed by the transfacial or subfrontal 
route. 


The impairment of olfaction is a well-known com- 
plication of transbasal, subfrontal surgery at the ante- 
rior cranial fossa.!8 Impairment of olfaction was not 
observed in our patients after an endoscopic closure 
of the CSF leak. In patients with traumatic leaks and 
preserved olfaction, no deterioration of the sense of 
smell was observed after surgery. The majority of 
patients with chronic sinusitis with or without polyp- 
osis have some degree of impairment of olfaction, 
which usually improves after the surgery. Deteriora- 
tion of olfaction due to the surgical procedure was 
never observed. 
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MICROBIOLOGY OF TRACHEAL GRANULATION TISSUE 
ASSOCIATED WITH SILICONE AIRWAY PROSTHESES 
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Granulation tissue formation and contraction is inevitable during the healing of open wounds. The presence of infection and a foreign 
body, such as a silicone airway prosthesis or other tracheotomy tube, magnifies this response. In airway reconstruction, wound 
contraction secondary to chronic inflammation is a liability. Cultures of granulation tissue were taken from 12 patients with silicone 
cannulas of T-Tubes. Polymicrobial colonization predominated, with variable combinations of gram-positive, gram-negative, and 
anaerobic organisms being present. On the basis of sensitivity data, amoxicillin—-clavulanate potassium and ciprofloxacin hydrochloride 
were chosen as empirical antimicrobials. Anecdotally, impressive decreases in the quantity of granulation tissue were seen. We 
recommend a prospective trial to more accurately define the role of antibiotics in this setting. 


KEY WORDS — airway prostheses, granulation tissue, microbiology, silicone, tracheotomy tube. 


INTRODUCTION 


Granulation tissue is an integral part of the wound 
healing process. Histologically, it consists of fibro- 
blasts, macrophages, loose connective tissue, and 
newly formed capillaries that function as a unit to 
remove debris, improve delivery of oxygen, and 
deposit fibroblasts. As the granulation moves into the 
open wound, the fibroblasts take on the ultrastruc- 
tural and functional characteristics of smooth muscle. 
Now called myofibroblasts, they become contractile 
and act ina concerted manner to pull the edges of the 
wound centripetally, decreasing the area of the scar.! 


In the surgical wound that has been sutured, the 
formation of granulation is minimized, as clean wound 
edges are apposed and primary healing may occur. 
However, in airway reconstruction there are often 
areas of open wound that must mucosalize prior to 
healing. Granulation tissue in the open wound must 
be minimized, as contraction of the wound will lead 
to narrowing of the lumen and, thus, a compromised 
airway.? Additionally, the granulations themselves 
can be a barrier to airflow and inhibit decannulation. 


The presence of granulation tissue associated with 
tracheotomy tubes is well known and has been de- 
scribed as a common complication in the pediatric 
otolaryngologic literature.’ In fact, giant suprastomal 
granulomas have been reported to present as laryn- 
geal masses requiring surgical removal.* Granulation 
tissue in this setting is considered to be the response 
to a low-grade infection that is associated with a 
foreign body, the tracheotomy tube.5 


The bacteriology of tracheal granulation tissue 


associated with pediatric airway reconstructions and 
Teflon stents has been reported. In 19 patients, 57 
different bacterial isolates were grown with aerobic 
cultures. The most common gram-positive organ- 
isms were various Streptococcus species, accounting 
for 21 of 30 isolates. Pseudomonas aeruginosa was 
the most common gram-negative organism, account- 
ing for 9 of 24 isolates. Three patients’ cultures grew 
Candida albicans. All cultures but 1 were polymi- 
crobial.5 Grillo et alé described the microbiologic 
findings of cultures taken from open stomas and 
granulations at anastomotic sites in tracheal recon- 
structions. Pseudomonas aeruginosa and Staphylo- 
coccus aureus were the most common isolates. This 
granulation tissue was associated with the use of 
nonabsorbable suture (foreign body), and not with an 
active clinical infection. When polyglycolic acid 
suture material was used, the granulations were no 
longer a serious problem. 


The purpose of this study is to define the bacteri- 
ology of granulation tissue associated with silicone 
airway prostheses, namely, the Montgomery cannula 
and Safe T-Tube (Boston Medical Products, Inc, 
Westborough, Mass). As previously mentioned, ex- 
cessive granulation tissue at the site of repair after 
laryngotracheoplasty has a potentially deleterious 
effect on healing, with resultant scar contracture and 
a decreased airway lumen. In addition, patients with 
long-term T-Tubes or tracheotomy cannulas are sig- 
nificantly inconvenienced by the bleeding and ob- 
struction that may occur because of granulation at the 
tracheotomy site. If appropriate antibiotics are uti- 
lized, these granulations can be avoided, with result- 
ant improvement in surgical results and patients’ 
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TABLE 1. PATIENT DATA 


EEE 


° Patient Age Sex Diagnosis Prosthesis 
1 29 F Congenital subglottic stenosis T-Tube 
2 59 M Obstructive sleep apnea Cannula 
3 27 F Acquired subglottic stenosis, bilateral true vocal cord paralysis Cannula 
4 25 F Acquired subglottic stenosis T-Tube 
5 42 M Acquired subglottic stenosis, posterior glottic stenosis, bilateral true vocal Cannula 

cord fixation 

6 78 M Acquired subglottic stenosis T-Tube 

7 54 M Obstructive sleep apnea Cannula 

8 69 F Tracheotomy, head and neck cancer Cannula 

9 25 M Supraglottic bullous pemphigoid Cannula 
10 68 M Bilateral true vocal cord paralysis of unknown cause Cannula 
11 23 M Acquired subglottic stenosis T-Tube 
12 39 M Obstructive sleep apnea Cannula 


satisfaction with their prostheses. 


MATERIALS AND METHODS 


Twelve patients were identified over a 14-month 
period who had significant granulation tissue associ- 
ated with either a Montgomery tracheotomy cannula 
or a T-Tube (Table 1). Most patients had cannulas as 
treatment for either obstructive sleep apnea or a 
transitional airway guard on the way to decannulation 
after laryngotracheoplasty. The remaining patients 
had a T-Tube either permanently or as part of their 
surgical plan for airway reconstruction. 


The granulations were sent from the office or 
operating room on aerobic and anaerobic swabs for 
the appropriate cultures. The tissue was ground and 
for aerobic cultures plated on blood agar, MacConkey 
media, and meat broth and grown at 35°C in 5% to 
10% carbon dioxide. Anaerobic cultures were plated 
on CDC-Laked SB with KV media, as well as CDC- 
anaerobic blood agar, also at 35°C (atmosphere 85% 
nitrogen, 10% carbon dioxide, 5% hydrogen). Anti- 


biotic sensitivities were determined by standard mini- 
mal inhibitory concentration measures for blood lev- 
els of the drugs utilizing the microdilution method. 
All Streptococcus species are considered sensitive to 
penicillin and therefore are not usually tested against 
other antibiotics. Anaerobic organisms are typically 
not analyzed for antibiotic susceptibility, either. There- 
fore, S aureus and gram-negative rods are the only 
bacteria whose susceptibilities were consistently re- 
ported. 
RESULTS 


Out of 12 patients and 12 separate cultures of 
tracheal and stomal granulations, 30 separate bacte- 
rial isolates were seen, averaging 2.5 isolates per 
patient. Seventy-five percent had polymicrobial cul- 
tures, ranging from 2 to 5 bacteria per patient. Staphy- 
lococcus aureus and P aeruginosa were the most 
commonly found organisms, being present in 6 iso- 
lates each. Seventy-five percent of the patients had 
gram-positive organisms, while50% had gram-nega- 
tive rods in their cultures. There were 5 anaerobic 


TABLE 2. GRANULATION TISSUE CULTURE DATA 


Streptococcus 
Staphylococcus sp or Candida 
Patient sp Diphtheroid sp sp 

l X XX 

2 X 

3 X 

4 

5 X 

6 

7 X 

8 XX 

9 X 
10 XX 
11 X 
12 XX 


X — single bacterial isolate. 


Escherichia 
Pseudomonas Proteus coli Anaerobes 
X X 
7 
XXX XX 
X 
X 
X X 
X xx 
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TABLE 3. ANTIMICROBIAL SUSCEPTIBILITY ON GRANULATION TISSUE CULTURE 


Streptococcus Pseudomonas Proteus Escherichia 
aureus (%) aeruginosa (%) mirabilis (%) coli (%) 

Ampicillin sodium 0 33 100 
Amoxicillin-clavulanate potassium 83 

Clindamycin phosphate 83 

Cefazolin sodium 83 33 100 
Ceftazidime 50 

Ceftriaxone sodium 17 

Ciprofloxacin hydrochloride 50 33 100 
Erythromycin 50 

Gentamicin sulfate 100 67 66 100 
Oxacillin sodium 83 

Penicillin G potassium 0 

Trimethoprim-sulfamethoxazole 100 

Tetracycline hydrochloride 67 

Vancomycin hydrochloride 100 


bacteria isolated in 4 different patients. One patient 
had Candida as his only isolate (Table 2). 


The sensitivities of the isolated S aureus and gram- 
negative rods were determined (Table 3). Oral medi- 
cations to which the gram-positive bacteria were 
reasonably susceptible included amoxicillin—clavu- 
lanate potassium, clindamycin phosphate, oxacillin 
sodium, and trimethoprim-sulfamethoxazole. The 
only oral antibiotic that had activity against the gram- 
negative rods was ciprofloxacin hydrochloride. 


DISCUSSION 


The use of silicone T-Tubes and cannulas has been 
well described in the management of obstructive 
sleep apnea and stenoses of the larynx, subglottis, and 
trachea.’ In laryngotracheoplasty, the T-Tube serves 
the dual purpose of acting as a stent for the new lumen 
and maintaining an airway during the healing pro- 
cess. These silicone prostheses act as foreign bodies, 
inciting infection and granulation tissue formation. 
This granulation may result in contracture of the 
wound and thereby decrease the lumen size. 


The amount of scar tissue in a wound is greatly 
influenced by the inflammatory response that the 
injury incites. Bacterial contamination of a wound 
increases this inflammation. A foreign body such as 
a tracheotomy tube can act as a source of microbial 
infection. In one study utilizing the injured canine 
subglottis, bacterial contamination was minimal in 
the absence of a T-Tube. If a silicone T-Tube was 
present, the bacterial count was significantly in- 
creased. The inflammation due to the infection even- 
tually resulted in worsening of the injury, necrosis of 
the underlying cartilage, and the formation of granu- 
lation tissue. If antibiotics were given in conjunction 
with the T-Tube, the bacterial counts were kept low. 


It was concluded that the injury to the subglottis could 
be minimized in the presence of a T-Tube if bacterial 
contamination of the stoma could be minimized.’ A 
description of the biochemical and histologic proper- 
ties of tracheal collagen in 2 patients with normal 
tracheas (at necropsy) and 2 patients with inflamma- 
tory tracheal stenosis has been reported. Normal 
tracheal collagen is predominately type II in the 
cartilage, and types I and III in the fibroelastic layer. 
The cartilaginous collagens found in inflammatory 
stenosis had a higher percentage of types I and III or 
type II; this finding indicates that the inflammatory 
reaction had changed the collagen content to one 
more associated with fibrous tissue.? The collagens 
found in the stenotic airway are of the same types as 
typically produced by granulation-associated fibro- 
blasts (I and III).! 


The present bacteriologic findings are consistent 
with previous reports*® and have prompted us to use 
antibiotic therapy in order to decrease the granulation 
tissue response to T-Tubes and cannulas. As a general 
rule, Staphylococcus, Streptococcus species, gram- 
negative rods, and occasional anaerobes must be 
covered. Amoxicillin-clavulanate is consistently the 
best antistaphylococcal medicine in our institution 
that also covers streptococcal and anaerobic bacteria. 
The gram-negative rods are typically multi-drug- 
resistant. The only oral antimicrobial that has reliable 
activity against Proteus, Pseudomonas, and Esche- 
richia coliis ciprofloxacin. Therefore, acombination 
of these two antibiotics has been used to decrease the 
chronic, low-grade infection that is often associated 
with indwelling T-Tubes and cannulas. Following 
laryngotracheoplasty, the patients are treated with 
this regimen as long as a silicone prosthesis is in the 
airway — up to 2 months or more. There have been 
very few antibiotic-associated side effects, such as 


nc 
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diarrhea or allergic sensitization. Long-term cannula 
or T-Tube patients may, on occasion, develop bleed- 
ing or obstructing granulations, These are removed in 
the office or the operating room and the aforemen- 
tioned antibiotic regimen is begun, to last for 2 to 3 
weeks. 


Anecdotally, this antibiotic therapy has resulted in 


a significant decrease in the quantity of granulation 
seen with T-Tubes after laryngotracheoplasty in the 
acute setting. In patients with long-term indwelling 
prostheses, the resolution of the granulation tissue is 
facilitated by the use of these antibiotics. We feel that 
these initial findings are important enough to warrant 
a prospective study to more accurately define the 
efficacy of antibiotics in this setting. 
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To investigate the association between genes in the major histocompatibility complex and inner ear disease susceptibility at the DNA 
level, high-resolution genotyping for HLA class II (HLA-DR, -DQ, -DP) was performed by polymerase chain reaction—sequence- 
specificoligonucleotide reverse dot blot and polymerase chain reaction-restriction fragment length polymorphism analysis in 34 patients 
with idiopathic progressive sensorineural hearing loss (PSHL) and in 214 controls. The frequencies of DRB1*0301, DRB3*0101, 
DQB1*0201, and DPB1*0401 were significantly increased in patients with idiopathic PSHL compared with controls. The DQB1*0301 
allele was significantly decreased in the patients. A linkage disequilibrium was probably responsible for the concomitant increase of both 
DRB1*0301 and DRB3*0101 alleles in patients. The increase of DQB1*0201 in patients was associated with the DRB1*0301 allele. 
In addition, the telomeric DPB1*0401 allele may act as an independent risk factor. The DQB1*0301 allele may have a protective role 
in the pathogenesis of idiopathic PSHL. These results suggest that the specific HLA class II gene products may confer susceptibility or 
resistance to idiopathic PSHL. 


KEY WORDS — autoimmune inner ear disease, hearing loss, HLA class II, polymerase chain reaction, restriction fragment length 
polymorphism, reverse dot blot, sequence-specific oligonucleotide. 


INTRODUCTION 


The human leukocyte antigen (HLA) class I mol- 
ecules, HLA-DR, -DQ, and -DP, are highly polymor- 
phic cell membrane-bound heterodimers of a and 8 
glycoprotein chains coded by genes in the HLA or 
major histocompatibility complex (MHC) on the 
short arm of chromosome 6. The HLA class II mole- 
cules play an important role in the function of the 
immune system by presenting processed peptide an- 
tigens to CD4* T cells. They are involved in the 
selection and activation of CD4* T cells, which 
regulate both humoral and cell-mediated immune 
responses to protein antigens. Therefore, it is con- 
ceivable that the susceptibility to many supposedly 
autoimmune diseases is influenced by the inheritance 
of the HLA genes. Much work has been done on the 
polymorphic class II loci HLA-DR, -DQ, and -DP in 
autoimmune disease. Genetic predisposition to over 
40 human diseases has been associated with specific 
class II HLA alleles.! 


It is now believed that autoimmunity is associated 
with the pathogenesis of some of the previously ill- 
defined inner ear diseases, including progressive 
sensorineural hearing loss (PSHL), sudden deafness, 
Meniere’s disease, and otosclerosis,2~> since autoim- 
mune inner ear disease was first described as a 


distinct clinical entity by McCabe® in 1979. By the 
HLA serologic typing method, using panels of anti- 
bodies to identify different alleles, several attempts 
have been made to correlate HLA phenotypes and 
inner ear disease.”8 These studies have shown that 
inner ear disease susceptibility is associated with the 
MHC, although the exact nature of the association 
remains controversial. 


With the development of the polymerase chain 
reaction (PCR) technique and its application in HLA 
typing, it has been found that a serologically defined 
specificity may actually be composed of a family of 
related HLA alleles that differ slightly from one 
another in their polymorphic residues, In many au- 
toimmune diseases, the HLA molecules with a higher 
frequency differ only in the peptide-binding clefts of 
the first protein domain from the other HLA mol- 
ecules that are not disease-associated. These varia- 
tions can only be detected by molecular methods. 
Moreover, more detailed molecular studies of HLA 
genes in patients with autoimmunity have shown that 
some HLA-disease associations were much stronger 
than they appeared to be when calculations were 
based on less precise serologic typing. 


In order to investigate the HLA alleles that may 
contribute to the genetic susceptibility to idiopathic 
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TABLE 1. PCR PRIMERS USED FOR HLA-DRB AND -DPB PCR-RDB TYPING 


Specificity Name Codons 

DRB (B1 + B3 + B4 + B5) DRB-1 -7 to2 
DRB-2 87 to 94 

DR4 DR4-1 5 to 13 
DRB-2 87 to 94 

DPB1 DPB-1 -4 to7 
DPB-2 87 to 93 
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Product 
Sequence Size (bp) 
GATCCTTCGTGTCCCCACAGCACG 197 
GCCGCTGCACTGTGAAGCTCTC 
CCACGTTTCTTGGAGCAGGTTAAAC 178 
GCCGCTGCACTGTGAAGCTCTC 
CCTCCCCGCAGAGAATTAC 185 
CTCGGCGCTGCAGGGTCA 


PCR — polymerase chain reaction, RDB — reverse dot blot, bp — base pair. 


PSHL at the DNA level, highly discriminatory HLA 
genotyping for HLA-DR, -DQ, and -DP alleles was 
performed in the patients by means of the PCR- 
sequence-specific oligonucleotide (SSO) reverse dot 
blot technique and PCR-restriction fragment length 
polymorphism (RFLP) analysis. We attempted to 
assess whether DR and DQ types are indeed associ- 
ated with idiopathic PSHL, and whether DP alleles 
also contribute to susceptibility, as the genes of DP 
have not previously been examined in this condition. 


MATERIALS AND METHODS 


Subjects. Thirty-four unrelated white patients with 
idiopathic PSHL, living in Belgium, were included in 
this study. These patients, from 20 to 62 years old 
(average 41 years), consisted of 18 men and 16 
women. A precise medical history was obtained from 
the patients. None of them suffered from metabolic 
diseases, hereditary diseases, or any other diagnosed 
autoimmune diseases. None of them had a positive 
family history for autoimmune disease. Two patients 
had a slight prodrome of viral infections. The hearing 
loss of all patients manifested as greater than 30 dB 
at any frequency. Progression of hearing loss was 
defined as a greater than 10-dB threshold shift at any 
frequency over weeks to months. The general physi- 
cal and otological examination, routine laboratory 
tests, and computed tomography (CT) or magnetic 
resonance imaging (MRI) studies of the auditory 
canal and the temporal bone did not identify any 
cause for the hearing loss. The patients underwent an 
immunobiological screening, including antinuclear, 
antimitochondrial, anti~smooth muscle, anti—pari- 
etal cell, antithyroglobulin, antimicrosomal, and anti- 
neutrophil cytoplasmic antibodies. Two hundred four- 
teen randomly selected age- and sex-matched white 
subjects without any clinical evidence or family 
history of any autoimmune disease were used as 
normal local controls. 


DNA Extraction and HLA Genotyping. For DNA 
extraction, genomic DNA was extracted from ethyl- 
enediaminetetraacetic acid-treated whole blood 
samples by means of a QIAmp column (Quiagen, 


Chatworth, Calif) or by the classic phenol-chloro- 
form procedure.? 


ForPCR-SSO reverse dotblot(RDB), HLA-DRB1, 
-DRB3, -DRB4, -DRB5, and -DPB 1 genotyping was 
performed by PCR-RDB hybridization assays as ` 
described by Buyseet al.!°The Taq DNA polymerase 
(Amersham, Little Chalfont, England) and the INNO- 
LiPA reagents (Innogenetics NV, Ghent, Belgium) 
were used. In brief, the polymorphic second exons of 
the DRB1, DRB3, DRB4, and DRBS as wellas DPB1 
genes were amplified by the PCR, as recommended 
by the manufacturer, in a Thermal Cycler (Perkin- 
Elmer Cetus, Norwalk, Conn). The PCR primers are 
shown in Table 1. The biotinylated PCR products 
were subsequently hybridized with a total of 31 DRB 
and 23 DPB1 SSOs immobilized in a linewise fash- 
ion on nitrocellulose strips. Streptavidin labeled with 
alkaline phosphatase was then added. A colorimetric 
visualization of positive hybridization signals was 
obtained by means of NBT/BCIP substrates. The 
INNO-LiPA Expert genotyping program V2.0 (In- 
nogenetics) was used to interpret the hybridization 
patterns. 


For PCR-RFLP, the DQB1 alleles were typed by 
the PCR-RFLP method as described by Sengar and 
Goldstein.!! On the other hand, the samples ambigu- 
ously typed for DRB by the PCR-RDB were retested 
by the PCR-RFLP method.!-!4 The primers shown 
in Table 2 were synthesized with a Cyclone Plus 
DNA synthesizer (MilliGen/Biosearch, Novato, Cal- 
if) and purified as described previously.!5 The PCR 
products were digested with allele-specific restric- 
tion endonucleases (Amersham; and Boehringer 
Mannheim, Mannheim, Germany) at their respective 
optimal temperatures, followed by electrophoresis 
on 4% agarose gel (Life Technology, Paisley, Scot- 
land) prestained with ethidium bromide. The HLA 
genotyping was determined by comparing the RFLP 
patterns with the standard patterns. 


On the basis of these techniques, 88 of 106 DRB1, 
4 of 4 DRB3, 2 of 3 DRB4, 4 of 5 DRBS, 22 of 23 
DQB1, and 58 of 61 DPB1 alleles could be discrimi- 
nated. 
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TABLE 2. PCR PRIMERS USED FOR HLA-DRB AND -DQB PCR-RFLP TYPING 
oqo OOOO 


Specificity Name Codons 
DRB1 DRI Ota-5'R1 25 to 32 
Ota-3'P 87 to 93 

DR2 Ota-5'R2 7 to 13 

Ota-3'R 87 to 93 

DR3568 I Ole-5'05 6 to 13 
Ole-3'047 86 to 92 

DR3568 Ila Ole-5'08 9 to 16 
Ole-3'047 86 to 92 

DR3568 IIb Ole-5'08 9 to 16 
Ole-3'048 86 to 92 

DR3568 III Ole-5'05 6 to 13 
Ole-3'048 86 to 92 

DR4 Ota-S'R4 6 to 13 

Ota-3'R 87 to 93 

DRB3 DRb32 8 to 13 
Ota-3'R 87 to 93 

DQB1 DQ5,6 SDQ-01 -l1to8 
QB202 84 to 93 

DQ 2, 3,4 SDQ-01 -lto8 

QB204 83 to 92 


Product 
Sequence Size (bp) 

GGTTGCTGGAAAGATGCATCT 206 
CCGCTGCACTGTGAAGCTCT 
TTCCTGTGGCAGCCTAAGAGG 261 
CCGCTGCACTGTGAAGCTCT 
GTTTCTTGGAGTACTCTACGTC 260 
CTGCACTGTGAAGCTCTCAC 
GTACTCTACGGGTGAGTGTT 250 
CTGCACTGTGAAGCTCTCAC 
GTACTCTACGGGTGAGTGTT 250 
CTGCACTGTGAAGCTCTCCA 
GTTTCTTGGAGTACTCTACGTC 260 
CTGCACTGTGAAGCTCTCCA 
GTTTCTTGGAGCAGGTTAAAC 263 
CCGCTGCACTGTGAAGCTCT 
TGGAGCTGCGTAAGTCT 257 
CCGCTGCACTGTGAAGCTCT 
AGGGATCCCCGCAGAGGATTTCGTG 279 
CACCTGCAGATCCCGCGGTACGCCACCTC 
AGGGATCCCCGCAGAGGATTTCGTG IA a 


CACCTGCAGTGCGGAGCTCCAACTGGTA 


PCR — polymerase chain reaction, RFLP — restriction fragment length polymorphism, bp — base pair. 


Statistical Analysis. Single HLA allele frequency 
distributions were evaluated by means of the x? test 
with Yates’ correction on 2 by 2 contingency tables. 
Fisher’s exact test was used when necessary. A level 
of p < .0S was accepted as statistically significant. 
Strength of association was expressed as Haldane’s 
relative risk (RR), a modification of Wool’s odds 
ratio, 1617 


RESULTS 


HLA-DRB1, -DRB3, -DRB4, and -DRBS Geno- 
typing. The distribution of the HLA-DRB alleles in 
34 patients with idiopathic PSHL and 214 controls is 
shown in Table 3. The frequency of HLA-DRB1*0301 
was significantly increased (x? = 5.363, p < .05, RR 
= 2.35) in patients with idiopathic PSHL as compared 
with controls. The frequencies of the other DRB1 
alleles were not significantly different between the 
patient and control groups. The decrease of DRB1* 
0401 and DRB1*1101 in patients did not reach statis- 
tical significance. Concerning the DRB3 gene present 
in the DR3, DR11, DR12, DR13, and DR14 haplo- 
types, the DRB3*0101 allele showed a significant 
increase in the patient group (x? = 6.785, p< .01, RR 
= 2.60). Seventy-five percent of the DRB3*0101- 
positive patients carried the DRB1*0301 allele, and 
75% of the DRB1*0301-positive patients carried the 
DRB3*0101 allele as well (data not shown). As an 
example, observed PCR-RDB and PCR-RFLP pat- 
terns are shown in Figs 1 and 2. 


HLA-DQBI Genotyping. The distribution of the 
HLA-DQB1 alleles defined in this study is shown in 
Table 4. The frequency of the DQB1*0201 allele was 
significantly increased (x? = 7.947, p < .01, RR = 
2.38) in patients with idiopathic PSHL compared 
with controls. The frequency of the DQB1*0301 
allele was significantly decreased (x? = 7.712, p < 
.01, RR = 0.29) in patients compared with controls. 


HLA-DPBI Genotyping. The DPB1 alleles as- 
signed to patients and controls are shown in Table 5. 
The HLA-DPB1*0401 allele was significantly in- 
creased in patients with idiopathic PSHL (x? = 5.294, 
p < .05, RR = 1.88). 


DISCUSSION 


In 1987, Bowman and Nelson’ reported that there 
was a reduced frequency of DR4 without any trends 
of increase of other DR specificities in patients with 
autoimmune sensorineural hearing loss. Another se- 
rologic typing study revealed that HLA-B8/DR3 and 
especially haplotypes A1/B8/DR3 were significantly 
increased in patients with inner ear disease, whereas 
B8 and DR3 per se only approached significance 
compared with the normal population of North Amer- 
ica.’ However, the present results of HLA class II 
genotyping by PCR-RDB and PCR-RFLP showed a 
significant increase of DRB1*0301 (DR3) in patients 
with idiopathic PSHL in the Belgian population. A 
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TABLE 3. FREQUENCY OF RELEVANT HLA-DR 
ALLELES IN PATIENTS WITH IDIOPATHIC PSHL 


AND IN HEALTHY CONTROLS 
Frequency (%) 
Patients Controls 

Alleles (n=68) (n= 428) L p RR 
DRB1*0101 8.8 8.4 
DRB1*0102 4.4 1.3 
DRB1*1501 14.7 12.8 
DRB1*1502 15 0.6 
DRB1*1601 1.5 24 
DRB1*0301 20.6 10.1 5.363 <.05 2.35 
DRB1*0401 1.5 7.4 
DRB1*0402 1.5 0.8 
DRB1*0403 2.9 1.1 
DRB1*0404 2.9 4.0 
DRB1*0407 2.9 0.2 
DRB1*1101 ee 8.4 
DRB1*1301 7.4 6.3 
DRB1*0701 11.8 11.8 
DRB3*0101 20.6 9.2 6.785 <.01 2.60 
DRB3*0202 14.7 12.0 
DRB4*0101 20.6 28.4 
DRB5*0101 14.7 7.9 
DRB5*0102 LS 0.6 
DRB5*0201 1.5 2.9 


PSHL — progressive sensorineural hearing loss, n — number of 
patient and control chromosomes. 


decrease of the DRB1*0401 allele was also observed 
in the patient group, but did not reach statistical 
significance. 


Among the alleles of the other expressed DRB loci, 
the frequency of the DRB3*0101 allele was signifi- 
cantly increased. In the normal population, there is a 
linkage disequilibrium (preferential association of 
alleles corresponding to different loci) between 
DRB3*0101 and DRB1*0301 alleles. Indeed, DRB3 
and DRB1 genes are closely located on the chromo- 
some. In the patient series, we found a strong associa- 
tion between DRB3*0101 and DRB1*0301 alleles. 
Thus, it is difficult to identify which of these two 
alleles is the causative HLA factor truly responsible 
for the association with idiopathic PSHL. Further 
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Fig 1. Hybridization pattern of polymerase chain reaction 
(PCR)-amplified DRB genes obtained from DNA of one 
individual DRB1*0101/DRB1*0301-DRB3*0101, after 
hybridization with 31 DRB sequence-specific oligonucle- 
otides immobilized on nitrocellulose strips. Conj. Contr. — 
conjugate control, Int. Hybr. Contr. — internal hybridiza- 
tion control. 


studies are required by increasing the sample size or 
investigating other ethnic groups. 


The HLA-DR and -DQ genes are tightly linked, 
and the alleles of these loci show extremely strong 
linkage disequilibrium within the population, so the 
increase of DQB1*0201 in patients with idiopathic 
PSHL may be associated with the DRB 1*0301 allele. 
We also found that the frequency of the DQB1*0301 
allele was significantly decreased in patients with 
idiopathic PSHL. The analysis of insulin-dependent 
diabetes mellitus (IDDM) susceptibility associated 
with DQ allelic variation has implicated that the 


| Fig 2. Cleavage patterns of polymorphic restric- 

tion fragments in PCR-amplified DRB1 genes 

obtained from DNAs of three individuals after 
digestion with six restriction enzymes. Size of 
amplified region of DRB1 exon 2 is 261 base 
pair (bp) as indicated. M — size marker, PUC18 
DNA digested with Hpa II; 0 — undigested 
PCR product (261 bp); 1 — DRB1*1501 or 
1503 sample; 2 — DRB1*1502 sample; 3 — 
DRB1*1601 sample. 
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TABLE 4. FREQUENCY OF HLA-DQB1 ALLELES 
IN PATIENTS WITH IDIOPATHIC PSHL AND 


IN HEALTHY CONTROLS 
Frequency (%) 

Patients Controls 
Alleles (n=68) (n= 428) £ p RR 
DQB1*0501 14.7 11.3 
DQB1*0502 1.5 2.7 
DQB1*0503 2.9 1.6 
DQB1*0601 1.5 1.1 
DQB1*0602 13.2 9.8 
DQB1*0603 5.9 5.8 
DQB1*0604 5.9 3.0 


DQB1*0201 30.9 15.9 
DQB1*0301 7.4 22.9 
DQB1*0302 10.3 10.8 
DQB1*0402 1.5 3.2 


PSHL — progressive sensorineural hearing loss, n —- number of 
patient and control chromosomes. 


7.947 <01 2.38 
7.712 <01 0.29 


charge of DQB polymorphic residue at position 57 
plays an important role in the development or sup- 
pression of the autoimmune response.!8 Presence or 
absence of the charged aspartate residue at position 
57 of the DQB chain confers resistance or susceptibil- 
ity to IDDM, respectively.!9:29 Whether the DQB1* 
0301 allele negative association with idiopathic PSHL 
is also related to the charged aspartate at position 57 
of the DQ8 chain remains to be determined. 


Owing to intrinsic difficulties in its typing, low 
level of expression, and lack of serologic reagents, 
the HLA-DP region has remained an untyped candi- 
date in patients with inner ear disease. However, 
several studies demonstrated that the HLA-DPB1 al- 
leles can be associated with autoimmune disease.?!.22 
By genomic typing in HLA-DPB 1, we found that the 
frequency of DPB1*0401 was increased in patients 
with idiopathic PSHL. The association of the DPB 1* 
0401 allele with idiopathic PSHL was not as strong as 
that observed with DRB1 and DRB3 alleles. This 
may be partially due to the fact that the DPB1*0401 
allele predominates in the white population. 


In general, DPB1 alleles are not in linkage dis- 
equilibrium with DRB and DQB alleles.*? In the 
present study, we found that only 18% of the DPB1* 
0401 alleles were associated with the DRB1*0301 
allele, and 18% of the DPB1*0401 alleles were 
associated with the DRB3*0101 allele as well. More- 
over, all the DPB 1*0401 alleles in these patients were 
not always encoded on the same chromosome as 
DRB1*0301 or DRB3*0101. On the other hand, the 
frequencies of haplotypes DRB1*0301/DPB1*0401 
and DRB3* 0101/DPB 1*0401 incontrols were higher 
than in patients with idiopathic PSHL (datanot shown). 
Therefore, our results indicate a random association 


TABLE 5. FREQUENCY OF HLA-DPB1 ALLELES 
IN PATIENTS WITH IDIOPATHIC PSHL AND 
IN HEALTHY CONTROLS 


Frequency (%) 
Patients Controls 


Alleles (n=68) (n= 428) L p RR 
DPB1*0101 4.4 3.7 
DPB1*0201 11.8 16.4 
DPB1*0202 1.5 0.9 


DPB1*0301 5.9 13.3 


DPB1*0401 55.9 40.2 5.294 <.05 1.88 


DPB1*0402 10.3 13.3 
DPB1*0501 1.5 1.2 
DPB1*1101 1.5 2.1 
DPB1*1301 1.5 2.3 
DPB1*1401 1.5 0.7 
DPB1*1901 1.5 0.5 


PSHL — progressive sensorineural hearing loss, n — number of 
patient and control chromosomes. 


between DPB1*0401 and DRB1*0301 or DRB3* 
0101 in patients with idiopathic PSHL. In other 
words, the telomeric DPB 1*0401 allele may act as an 
independent risk factor in the pathogenesis of inner 
ear disease. 


The mechanism of autoimmune inner ear disease 
is complex and multifactorial. The expression of a 
particular HLA gene may not be by itself the cause of 
any autoimmune disease, but one of several factors 
that contribute to autoimmunity. Generally, idiopath- 
ic PSHL pathogenesis requires an interaction be- 
tween genetic susceptibility and environmental fac- 
tors. Some virus infections, such as cytomegalovirus, 
Lassa fever virus, and parvovirus B19, have been 
implicated in the pathogenesis of immune-mediated 
PSHL.“-% Under certain circumstances, the geneti- 
cally predisposed individuals are at a particularly 
high risk. These environmental conditions possibly 
trigger inner ear disease in susceptible individuals 
and determine the phenotypic expression of idio- 
pathic PSHL. A shared peptide sequence has been 
noted for the CMV IE2 protein (PLGRPD at residues 
81 to 86) and residues 52 to 57 of the DRBI chain 
(ELGRPD).2’ The shared structures between some 
pathogen and particular class II molecules could 
serve aS a cross-reactive target autoantigen for an 
immune response to the viral pathogen or lead to a 
cross-tolerance in these individuals. Knowledge of 
genotypes and haplotypes conferring susceptibility 
to idiopathic PSHL could be very useful in studying 
predisposition, particularly in familial cases. 


In conclusion, this preliminary study shows that 
idiopathic PSHL is associated with HLA-DRB1* 
0301, DRB3*0101, DQB1*0201, and DPB1*0401 
in a series of 34 consecutive patients. A negative 
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association with HLA-DQB*0301 was also observed. 
The concomitant increase of both DRB1*0301 and 
DRB3*0101 alleles in patients with idiopathic PSHL 
is likely to reflect a linkage disequilibrium between 
these two alleles. The increase of DQB1*0201 in 
patients was associated with the DRB1*0301 allele. 
The telomeric DPB 1*0401 allele may act as an inde- 


pendent risk factor in the pathogenesis of inner ear 
disease. The DQB1*0301 allele may be associated 
with protection from idiopathic PSHL. Nevertheless, 
it will be necessary to investigate further the HLA 
genes, and even the noncoding sequences of DNA, 
located within and tightly linked to the class region, 
in a large population of patients. 
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CIRCULATING INTERCELLULAR ADHESION MOLECULE-1 AND ITS 
CELLULAR EXPRESSION IN HEAD AND NECK NON-HODGKIN’S 
LYMPHOMAS, INCLUDING LETHAL MIDLINE GRANULOMA 


YASUAKI HARABUCHI, MD, PHD 
AKIKATSU KATAURA, MD, PHD KOHZOH IMAI, MD, PHD 
SAPPORO, JAPAN 


Extranodal non-Hodgkin’s lymphoma in the head and neck, especially T-cell lymphoma of the lethal midline granuloma (LMG) 
type, has unique clinical and histologic features differentiating it from other lymphomas. The authors measured soluble intercellular 
adhesion molecule—1 (ICAM-1) in sera from 12 patients with T-cell lymphoma of the LMG type and from 52 patients with other head 
and neck non-Hodgkin’s lymphomas, by double-determinant immunoassay. The expression of ICAM-1 in lymphoma tissue was 
examined in 26 patients by the avidin-biotin immunoperoxidase method. The serum ICAM-1 levels were significantly higher in T-cell 
lymphoma of the LMG type than in other head and neck lymphomas or in healthy adult controls. Elevated levels of serum ICAM-1 were 
associated with increased levels of serum lactate dehydrogenase, poor prognosis, and impaired T-cell-dependent immune functions, both 
in T-cell lymphoma of the LMG type and in other head and neck lymphomas. When we monitored serum ICAM-1 levels in individual 
patients, the levels decreased in the complete remission interval compared to before treatment and went up again when the lymphoma 
relapsed. Although the staining intensities of ICAM-1 in lymphoma cells were not related to serum ICAM-1 levels, a markedly intense 
expression of ICAM-1 was found on the angiocentric or angiodestructive lymphoreticular infiltrate region in the tissues from T-cell 
lymphoma of the LMG type. A higher serum ICAM-1 level and its tissue expression in T-cell lymphoma of the LMG type may be one 
of the clues to understanding this particular lymphoma. The serum ICAM-1 level could be an efficient parameter for monitoring the 


clinical course of head and neck non-Hodgkin’s lymphomas. 


KEY WORDS — head and neck, ICAM-1, lethal midline granuloma, non-Hodgkin’s lymphoma, soluble ICAM-1. 


INTRODUCTION 


Non-Hodgkin’s lymphoma frequently arises from 
the head and neck region. The most common type is 
diffuse large B-cell lymphoma originating in Wal- 
deyer’s ring. When localized, its prognosis is favor- 
able. However, T-cell lymphoma having clinical 
features of lethal midline granuloma (LMG), charac- 
terized by progressive unrelenting ulceration and 
necrosis of the nasal cavity and midline facial tissues, 
is occasionally found.!-3 Its prognosis is markedly 
poor as compared to other head and neck lymphomas. 
Histologic features of the T-cell lymphoma of the 
LMG type, displayed by angiocentric, polymorphous 
lymphoreticular infiltrates, have been called poly- 
morphic reticulosis.4 Phenotypically, the coexpression 
of the natural killer (NK) cell phenotype CD56 and 
pan-T antigens has been reported.56 With regard to 
etiology, we previously showed clonotypic Epstein- 
Barr virus (EBV) genome and EBV-encoded pro- 
teins in 5 cases of T-cell lymphoma of the LMG type, 
suggesting a causal association with EBV.’ 


Intercellular adhesion molecule—1 (ICAM-1), a 
member of the immunoglobulin supergene family 
with a five-domain structure,’ has been characterized 


as one of the natural ligands to lymphocyte function— 
associated antigen—1 (LFA-1) molecule expressed 
on all leukocytes.9:!9 The ICAM-1 is expressed on a 
limited number of tissues constitutively but is in- 
duced on a wide variety of normal cells, such as 
vascular endothelial cells, leukocytes, and some epi- 
thelial tissues.!! Increased cellular expression of this 
molecule has been reported to be correlated with 
metastasis in melanoma,!? but not to be associated 
with tumor progression in lymphoma or leukemia. 13-14 
A soluble form of ICAM-1 has been found in in- 
creased levels in sera of patients with several inflam- 
matory, immune, or malignant disorders.!5-23 In- 
creased serum ICAM-1 level has been also associ- 
ated with metastasis, tumor spread, and poor progno- 
sis in melanoma,?? gastrointestinal cancers,?! and 
Hodgkin’s disease.??2?3 Several cytokines, such as 
interferon-y, tumor necrosis factor-a, and interleukin- 
1, have been shown to enhance the expression of this 
molecule.?4:25 Previous in vitro study showed that 
interferon-y and tumor necrosis factor—a induce also 
the shedding of ICAM-1 on tumor cell lines.?9.2!,26 
Aside from such cytokines, EBV or EBV-encoded 
latent membrane protein has been reported to en- 
hance the expression of ICAM-1.27-29 
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In a previous report,?° we demonstrated increased 
levels of serum ICAM-1 in adult T-cell leukemia, 
which is associated with human T-lymphotrophic 
virus type 1. In the present study, we demonstrate 
higher serum ICAM-1 levels in patients with T-cell 
lymphoma of the LMG type — most of these lym- 
phomas exhibited the NK cell phenotype and were 
causally associated with EBV — as compared to pa- 
tients with other head and neck lymphomas and 
healthy adult controls. Furthermore, we examine the 
prognostic value of serum ICAM-1 levels and its 
relation to cellular expression of this molecule in 
head and neck lymphomas. 


PATIENTS AND METHODS 


Patients. The study group consisted of 12 patients 
with T-cell lymphoma of the LMG type and 52 
patients with other head and neck non-Hodgkin’s 
lymphomas who received diagnoses and treatment in 
our clinic between 1983 and 1993. The primary sites 
of lymphomas other than LMG were Waldeyer’s ring 
in 33 patients, nose and paranasal sinuses in 7 pa- 
tients, neck lymph nodes in 7 patients, and salivary 
glands in 5 patients. Clinical data, partial immunohis- 
tologic reviews, and the association with EBV of 5 
patients with T-cell lymphoma of the LMG type have 
been reported elsewhere.’®:3! The follow-up period 
of living patients was from 9 to 101 months, with 46 
months as the median value. 


Clinicohistologic and Immunologic Evaluations 
and Treatments. Pertinent clinical information and 
follow-up data were obtained from hospital charts for 
all cases. The clinical stage according to the Ann 
Arbor system?? was assessed by physical examina- 
tion, gallium 67 scintiscan, computed tomography 
scan, echogram, radiographic and fiberscopic exami- 
nation of the gastrointestinal tract, and bone marrow 
aspiration. The histologic type was classified accord- 
ing to the Working Formulation System of the Na- 
tional Cancer Institute.>> The phenotype of lympho- 
ma cells was studied on formalin-fixed, paraffin- 
embedded sections by the avidin-biotin immunoper- 
oxidase method, as described previously.*4 Mono- 
clonal antibody, UCHL1/CD45RO (Dakopatts, Co- 
penhagen, Denmark) or MT1 (Bio-Science, Emmen- 
brucke, Switzerland), was used for pan-T marker, 
and L26 (Dakopatts) was employed for pan-B anti- 
gen. In 7 cases of T-cell lymphoma of the LMG type 
and 4 cases of other T-cell lymphomas, the NK-cell 
phenotype CD56 was examined on fresh-frozen sec- 
tions by means of NKH-1 monoclonal antibody (Coul- 
ter Clone, Hialeah, Fla). The phenotype was defined 
as over 70% positive-staining lymphomacells counted 
in the area involving atypical mononuclear cells. The 
T-cell-dependent immune function before treatments 


was assessed by delayed-type hypersensitivity reac- 
tions or by the CD4/CD8 ratio of peripheral blood 
lymphocytes (PBLs). The delayed-type hypersensi- 
tivity was elicited in 24 patients by skin reactions to 
purified protein derivative prepared from Mycobac- 
terium tuberculosis, Candida albicans extracts, or 
phytohemagglutinin after 48 hours of injections. A 
positive response was defined as erythema of at least 
5 mm in long diameter on the purified protein deriva- 
tive or Candida test, and by erythema of at least 15 
mm on the phytohemagglutinin test. If the responses 
were heterogeneous among antigens, the correspond- 
ing result between two skin tests was scored. The 
CD4/CD8 ratio of PBLs was measured in 44 patients. 
The percentages of CD4- and CD8-positive cells 
were analyzed by flow cytometry (FACScan; Becton- 
Dickinson, Mountain View, Calif) after fluorescein 
isothiocyanate immunofluorescence staining using 
Leu-4 and Leu-8 monoclonal antibodies (Becton- 
Dickinson). The treatment plan was as follows. Pa- 
tients in stage I were treated only with cobalt 60 
irradiation (40 to 45 Gy). Patients in stage II were 
givencombined treatment with radiotherapy and che- 
motherapy with the VEPA* (vincristine, cyclophos- 
phamide, prednisolone, doxorubicin) or the MACOP- 
P (vincristine, pirarubicin, cyclophosphamide, metho- 
trexate, prednisolone, peplomycin) regimen, in which 
peplomycin is used instead of bleomycin, modified 
from the original MACOP-B regimen.** Patients 
with T-cell lymphoma of the LMG type were treated 
with combined radiotherapy and chemotherapy of 
the MACOP-P regimen, even though in stage I. 
Patients in stage III or IV were treated with the 
MACOP-P regimen with over 3 units. 


Soluble ICAM-I Assay. One serum sample was 
obtained from each of 64 patients before treatment. 
From 14 of the 64 patients, 10 samples were available 
at the time of complete remission confirmed after 
treatment and 5 sera were obtained at the time of 
tumor relapse discovered after complete remission. 
Control sera were obtained from 25 healthy adults. 
All samples were stored at -80°C until use. Soluble 
ICAM-1 in sera was measured by a double-determi- 
nant immunoassay using the FAST system (Becton- 
Dickinson) and two monoclonal antibodies, HAS8 
and CL.207, as described previously.”2! Briefly, the 
beads, attached to the lip of 96-well microtiter plates, 
were first incubated with a monoclonal antibody, 
CL207, recognizing a certain part of the ICAM-1 
antigen, and then blocked by 3% bovine serum albu- 
min. The serum samples, diluted with 1:200 in phos- 
phate-buffered saline, were then incubated with the 
beads. After being washed with phosphate-buffered 
saline containing 0.05% Tween 20, the beads were 
incubated with a biotinylated monoclonal antibody, 
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TABLE 1. CLINICOPATHOLOGIC FEATURES OF T-CELL LYMPHOMA OF LETHAL MIDLINE GRANULOMA 
TYPE AND OTHER HEAD AND NECK NON-HODGKIN’S LYMPHOMAS 


T-Cell Lymphoma Head and Neck 
of LMG Type Lymphomas Other 
(N = 12) Than LMG (N = 52) p* 
Age (y) 

Mean + SD 45215 56+ 15 03 

Range 27-71 15-74 
Male (No. of cases) 7 58%) 27 (52%) NS 
Histologic type (WF; No. of cases) 

Low and intermediate grades 8 (67%) 44 (85%) 

High grade 4 (33%) 8 (15%) NS 
Cell type (No. of cases) 

B-cell 0 (0%) 45 (87%) 

T-cell 12 (100%) 7 (13%) 0001 
Clinical stage (No. of cases) 

Iori 11 (92%) 45 (85%) 

M or IV 1 (8%) 7 (15%) NS 
Symptoms (No. of cases) 

A 3 (25%) 47 (90%) 

B 9 (75%) 5 (10%) 0001 
PBL counts (mean + SD) 1,285 + 655 1,912 + 738 025 
Serum albumin levels (mean + SD g/dL) 3.120.5 3.7203 0001 
Serum LDH levels (mean + SD IU/L) 406 + 192 361 + 180 NS 
Prognosis (No. of cases) 

Alive in complete remission 3 (25%) 36 (69%) 

Dead because of incomplete remission or lymphoma relapse 9 (75%) 16 (31%) 0123 
Overall 3-year survival ratet 12% 73% <.05 


LMG — lethal midline granuloma, WF — Working Formulation, PBL —- peripheral blood lymphocyte, LDH — lactate dehydrogenase, NS — 


not significant. 


*Determined by appropriate procedures, including x? test, Mann-Whitney U test, or Fisher’s exact test. 
{Kaplan-Meier method, with statistical significance determined by Cox-Mantel test, is used. 


HAS8. Avidin-labeled peroxidase (Vector Laborato- 
ries, Burlingame, Calif) was diluted 1/1,000 in 0.05 
mol/L phosphate-buffered saline with 0.5 mol/L so- 
dium chloride, pH 8.0, and incubated with the beads. 
The degree of substrate reaction was determined with 
o-phenylenediamine at 492 nm in a micro-ELISA 
Autoreader MR 580 (Dynatech, Cambridge, Mass). 
Results were expressed as units per milliliter (1 unit/ 
mL corresponds to 2 ng/mL of purified antigen) 
calculated from the titration curve of purified ICAM- 
1 antigen. 


Cellular ICAM-1 Staining in Tissue. Twenty-six 
patients, from whom fresh-frozen biopsy samples 
were available, were examined for expression of 
ICAM-1 in lymphoma tissues by the avidin-biotin 
immunoperoxidase method* using monoclonal anti- 
body HAS8. The staining intensity of the lymphoma 
cells was scored semiquantitatively on a scale of 0 to 
3 (0 being negative, 1+ weak, 2+ moderate, and 3+ 
strong). Frozen palatine tonsil sections were used as 
controls and were run in parallel in each batch of 
experiments. The tonsillar epithelial cells were scored 
3+, the germinal center cells were scored as 2+, and 


the mantle zone cells were negative for ICAM-1. If 
staining of lymphoma cells was heterogeneous in the 
individual lymphoma tissue, the predominant stain- 
ing intensity was scored. 


Statistical Analysis. Comparisons between two 
groups were tested by the x? test or appropriate 
nonparametric test procedures, including the Mann- 
Whitney U test, Wilcoxon signed-rank test, and 
Fisher’s exact test. Correlation between two groups 
was determined by Spearman’s regression coeffi- 
cient. All statistical tests were based on a level of 
significance of p < .05. 


RESULTS 


Patient Characteristics. Clinicopathologic find- 
ings of 12 patients with T-cell lymphoma of the LMG 
type and of 52 patients with other head and neck non- 
Hodgkin’s lymphomas are summarized in Table 1. 
The histologic type of T-cell lymphoma of the LMG 
type was classified as the diffuse mixed small and 
large cell type or the large cell, immunoblastic poly- 
morphous type, according to the Working Formula- 
tion classification. In lymphomas other than LMGs, 
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Fig 1. Serum intercellular adhesion molecule~1 (CAM- 
1) levels of patients with non-Hodgkin’s lymphomas of 
head and neck. Median values are given by thick bars. P 
values were determined by Mann-Whitney U test. LMG — 
lethal midline granuloma. 


diffuse large cell B-cell lymphomas were most com- 
mon (35 of 52; 67%) and T-cell lymphomas were 
minor (7 of 52; 13%). The NK-cell phenotype CD56 


was expressed in all 7 cases of T-cell lymphoma of — 


the LMG type tested, but was never found in all 4 
cases of other T-Cell lymphomas tested. In all lym- 
phoma cases, patients with early stages (stage I or I) 
were more common (56 of 64; 88%) than patients 
with advanced stages (stage III or IV; 8 of 64; 13%). 
It was noteworthy that systemic symptoms, decreased 
PBL counts, and lower levels of serum albumin were 
seen more frequently in T-cell lymphoma of the 
LMG type than in other head and neck lymphomas. 
With regard to T-cell-dependent immune function 
before treatment, the negative response in delayed- 
type hypersensitivity skin reactions was shown in 7 
of 8 (88%) patients with T-cell lymphomas of the 
LMG type tested, while it was seen in only 5 of 11 
(31%) patients with other head and neck lymphomas 
tested (p <.05). Nine of 12 (75%) patients with T-cell 
lymphomas of the LMG type died of incomplete 
remission or lymphomarelapse, while 16 of S52 (31%) 
patients with other lymphomas died (p = .0123). The 


overall 3-year survival of patients with T-cell lym- 
phomas of the LMG type, 12%, was significantly 
worse than that of patients with other head and neck 
lymphomas (73%, p < .05). 


Serum ICAM-1 Levels in Head and Neck Lympho- 
mas. The average level of serum ICAM-1 in patients 
with head and neck lymphomas other than LMG 
(mean + SD 44 + 18 units/mL, median 40.5 units/mL, 
range 13 to 100 units/mL) was not different from that 
in healthy adult controls (mean 46 + 14 units/mL, 
median 48, range 19 to 74). There was no difference 
in the levels, also, among initial sites of the lympho- 
mas. However, as shown in Fig 1, patients with T-cell 
lymphoma of the LMG type showed significantly 
higher levels of serum ICAM-1 (mean 76 + 31 units/ 
mL, median 71.5, range 32 to 145) than healthy adult 
controls (p = .0025) or patients with other head and 
neck lymphomas (p = .0003). When the normal value 
of serum ICAM-1 was set as under the mean + 2 SD 
of the 25 healthy adult sera, under 75 units/mL, the 
incidence of positivity of serum ICAM-1 in T-cell 
lymphoma of the LMG type was significantly higher 
than that in other head and neck lymphomas (6 of 12 
or 50% and 3 of 52 or 6%, respectively; p < .001). 


Serum ICAM-I Levels According to Clinicopatho- 
logic and Immunologic Findings. Relationships be- 
tween serum ICAM-1 levels and various parameters 
were analyzed both in T-cell lymphoma of the LMG 
type and in other lymphomas, because their clinico- 
pathologic findings and the serum ICAM-1 levels 
were markedly different, as shown in Table 1. With 
regard to lymphoma cell type, there was no difference 
in serum ICAM-1 levels between B-cell lymphomas 
(mean 43 + 17 units/mL, median 41, range 13 to 97) 
and T-cell lymphomas other than LMG (mean 48 + 
25 units/mL, median 38, range 28 to 100); however, 
T-cell lymphoma of the LMG type had significantly 
increased serum ICAM-1 level as compared to B-cell 
lymphoma (p = .003) and to other T-cell lymphomas 
(p=.031). The serum ICAM-1 levels were notrelated 
to histologic grade, clinical stage, patient’s age, PBL 
counts, or serum albumin levels, in either group of 
lymphomas (Tables 2 and 3). Although patients with 
systemic symptoms (B symptoms) tended to have 
high serum ICAM-1 levels as compared to patients 
without systemic symptoms (A symptoms) in lym- 
phomas other than LMG (p = .056), the difference 
was not seen in T-cell lymphoma of the LMG type 
(Table 2). However, serum lactate dehydrogenase 
levels were related positively to serum ICAM-1 lev- 
els in T-cell lymphoma of the LMG type as well as in 
other head and neck lymphomas (r=.818 andr=.365, 
respectively; p < .01 each; Table 3). Higher serum 
ICAM-1 levels were associated also with impaired T- 
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TABLE 2. SERUM ICAM-1 LEVELS OF PATIENTS WITH T-CELL LYMPHOMA OF LETHAL MIDLINE 


GRANULOMA TYPE AND OTHER HEAD AND NECK NON-HODGKIN’S LYMPHOMAS, 
ACCORDING TO CLINICAL, HISTOLOGIC, AND IMMUNOLOGIC FINDINGS 


T-Cell Lymphoma of LMG Type Lymphomas Other Than LMG 
(n = 12) (n = 52) 
Serum ICAM-1 Serum ICAM-1 
Levels* pt Levels* pt 
Histologic types (WF) 
Low or intermediate grades 71.5 (n = 8; 32-145) 40 (n = 44; 13-97) 
High grade 75 (a = 4; 57-109) 001 45 (n = 8; 25-100) NS 
Cell type 
B-cell 41 (n = 45; 13-97) 
T-cell 38 (n = 7; 28-100) NS 
Clinical stage 
Iorll 75 (n = 11; 32-145) 40 (n = 45; 13-97) 
I or IV 57 @=1) 49 (n = 7; 25-100) NS 
Symptoms 
A 44 (n = 3; 32-83) 40 (n = 47; 13-97) 
B 75 (n = 9; 53-145) NS 54 (n = 5; 33-100) 056 
Delayed-type hypersensitivity skin reactions 
Positive response 5i (n=1) 28 (n = 11; 24-59) 
Negative response 83 (n = 7; 57-145) 56 (n = 5; 39-100) 019 
CD4/CD8 ratio of PBLs 
21.2 60 (n = 6; 32-75) 38 (n = 31; 13-82) 
<1.2 109 (n = 3; 102-145) 02 53.5 (n = 4; 41-60) .048 
Prognosis 
Alive in complete remission 44 (n = 3; 32-68) 38.5 (n = 36; 13-97) 
Dead because of incomplete remission or 79 (n = 9; 53-145) 052 47.5 (n= 16; 30-100) .018 


lymphoma relapse 


LMG — lethal midline granuloma, WF — Working Formulation, PBLs — peripheral blood lymphocytes, NS — not significant. 
*Results are expressed as median values (number; range) in units per milliliter, One unit corresponds to 2 ng of purified antigen. 
{Determined by Mann-Whitney U test. 


cell-dependent immune functions, both in T-cell 
lymphoma of the LMG type and in other head and 
neck lymphomas, as shown in Table 2. In lymphomas 
other than LMG, patients with a negative response in 
delayed-type hypersensitivity skin reactions had sig- 


TABLE 3. CORRELATIONS BETWEEN SERUM 
ICAM-1 LEVELS AND CLINICAL PARAMETERS 
IN T-CELL LYMPHOMA OF LETHAL MIDLINE 
GRANULOMA TYPE AND OTHER HEAD AND NECK 


NON-HODGKIN'S LYMPHOMAS 
T-Cell Lymphomas 
Lymphoma Other Than 


of LMG Type LMG 
Serum ICAM-1 levels versus 


Age 035 274 
PBL counts -3 | 178 
Serum albumin levels ~.263 ~.12 
Serum LDH levels 818* 365* 


Data are expressed as r values determined by Spearman’s rank 
correlation. 
LMG— lethal midline granuloma, PBL —— peripheral blood lympho- 
cyte, LDH — lactate dehydrogenase. 

*p < 01. 





nificantly higher serum ICAM-1 levels (mean 64 + 
23 units/mL, median 56, range 39 to 100) than pa- 
tients with a positive response (mean 37 + 14 units/ 
mL, median 28, range 24 to 59; p= .019). The serum 
ICAM-1 level of patients with a low CD4/CD8 ratio 
(<1.2) of PBLs was significantly higher than that of 
patients with a normal CD4/CD8 ratio (21.2) in T- 
cell lymphoma of the LMG type (mean 119 + 23 
units/mL, median 109, range 102 to 145, and mean 57 
+ 16 units/mL, median 60, range 32 to 75, respec- 
tively; p = .02), as well as in other head and neck 
lymphomas (mean 52 + 8 units/mL, median 53.5, 
range 41 to 60, and mean 41 + 15 units/mL, median 
38, range 13 to 82, respectively; p = .048; Table 2). 


Serum ICAM-I Levels According to Clinical 
Course. As shown in Table 2, the serum ICAM-1 
levels before treatment in patients who died of in- 
complete remission or relapse after complete remis- 
sion tended to be high as compared with those in 
patients who were alive after complete remission of 
T-cell lymphoma of the LMG type (mean + SD 86+ 
29 units/mL, median 79, range 53 to 145, and mean 
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Serum ICAM-1 level (units/ml) 





Before Complete 
treatments remission 


Fig 2. Changes of serum ICAM-1 levels during clinical 
course in each individual patient. Notice that all patients 
show unchanged or decreased levels (54 + 30 units/mL) in 
complete remission interval, ie, significantly lower than 
before treatment (67 + 35 units/mL, p = .003). Likewise, 
patients with tumor relapse after complete remission ex- 
hibit significantly elevated levels (116 + 72 units/mL) as 
compared to levels before treatment (p = .043). P values 
were determined by Wilcoxon signed-rank test. 


Lymphoma 
relapse 


48 + 18 units/mL, median 44, range 32 to 68, respec- 
tively; p = .052). Furthermore, in head and neck 
lymphomas other than LMG, patients with a poor 
prognosis showed significantly higher serum ICAM- 
1 levels before treatment (mean 52 + 19 units/mL, 
median 47.5, range 30 to 100) than patients with a 
favorable prognosis (mean 40 + 16 units/mL, median 
38.5, range 13 to 97; p = .018). 


Follow-up data of serum ICAM-1 levels were 
available in 14 patients with head and neck lym- 
phomas, including T-cell lymphoma of the LMG 
type, as shown in Fig 2. Comparing serum ICAM-1 
levels before and after treatment in each individual 
patient, the levels at the time complete remission was 
confirmed (54 + 30 units/mL) were significantly 
lower than the levels before treatment (67 + 35 units/ 
mL, p = .003). On the other hand, the serum ICAM- 
1 levels at the time of lymphoma relapse discovered 
after complete remission were significantly elevated 
(116 + 72 units/mL) compared to the levels before 
treatment (p = .043). 


Expression of ICAM-1 in Lymphoma Tissues. Tis- 


sue expression of ICAM-1 was investigated in 10 
cases of T-cell lymphoma of the LMG type, in 14 
cases of diffuse B-cell lymphoma, and in 2 cases of 
T-cell lymphoma other than LMG. Inall cases, ICAM- 
1 was expressed in lymphoma cells, at a weak (1+) or 
moderate (2+) staining intensity. Twelve cases were 
scored as 2+, in which lymphoma cells with a mod- 
erate staining intensity were scattered in the predomi- 
nantly weakly positive tumor cell infiltrates. The 
remaining 14 cases were 1+, because of weak stain- 
ing of most lymphoma cells. The staining intensity of 
ICAM-1 in lymphoma cells was not related to histo- 
logic grade, clinical stage, phenotype, patient’s age, 
PBL count, serum albumin level, serum lactate de- 
hydrogenase level, or T-cell-dependent immune func- 
tion. The average serum ICAM-1 level of patients 
with 1+ staining intensity was not different from that 
of patients with 2+ staining (mean + SD 60 + 36 units/ 
mL, median 51.5, range 13 to 145, and mean 54 + 19 
units/mL, median 49.5 , range 25 to 97, respectively). 
In comparing T-cell lymphomas of the LMG type and 
other head and neck lymphomas, the staining inten- 
sities of ICAM-1 in lymphoma cells were not differ- 
ent. However, in the tissues from T-cell lymphomas 
of the LMG type, strong ICAM-1 expression (stain- 
ing intensity of +3) was seen in the angiocentric or 
angiodestructive lymphoreticular infiltrate region and 
in a large number of infiltrating macrophages, which 
staining intensities appeared to be high as compared 
to lymphoma tissues other than LMG (Fig 3). 


DISCUSSION 


The data presented in this study demonstrated 
significantly increased serum ICAM-1 levels in pa- 
tients with T-cell lymphoma of the LMG type as 
compared to patients with other head and neck lym- 
phomas and healthy adult controls. The histologic 
features of T-cell lymphoma of the LMG type are 
diffuse infiltrates of pleomorphic large lymphoid 
cells and atypical small lymphoid cells, admixing 
with a large number of inflammatory cells such as 
granulocytes, macrophages, and plasma cells and 
with extensive ischemic necrosis. Angiocentric or 
angiodestructivelymphoreticular infiltrates, displayed 
by vascular proliferation and reticular fiber develop- 
ment that show a meshwork of encircling groups of 
and pockets of four or more loosely populated lym- 
phoid cells, are also prominent.2*7 In this study, 
although the ICAM-1 staining intensities of lym- 
phoma cells in T-cell lymphoma of the LMG type 
appeared to be equal to those of other head and neck 
lymphomas at a weak or moderate level, a markedly 
intense expression of ICAM-1 was found in the 
angiocentric or angiodestructive lymphoreticular in- 
filtrate region and in a large number of infiltrating 
macrophages of the tissues from T-cell lymphoma of 
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the LMG type. It has been reported that lymphoma 
cells of LMG expressed the NK cell phenotype CD56, 
as well as pan-T antigens.>° Indeed, all 7 cases tested 
showed the coexpression of CD56 and pan-T anti- 
gens. Previous in vitro studies showed that several 
cytokines such as interferon-y, tumor necrosis fac- 
tor—a, and interleukin-1 enhance cellular expres- 
sion, as well as shedding of ICAM-1 on tumor 
cells.20,21,24-26 Therefore, it is possible that large 
quantities of soluble ICAM-1 may be shed into serum 
from damaged vascular endothelial cells and/or lym- 
phoma cells in the angiocentric or angiodestructive 
lymphoreticular region, or from infiltrating macro- 
phages, induced by cytokines released from neoplas- 
tic T-cells with the NK cell phenotype, resulting in an 
elevated serum ICAM-1 level in T-cell lymphoma of 
the LMG type. Alternatively, on the basis of a causal 
association of this particular lymphoma with EBV, 
another interesting possibility could be implied. Pre- 
viously, we showed clonotypic EBV genomes and 
EBV-encoded protein in 5 patients (4 cases were 
included in this study) with T-cell lymphoma of 
LMG.?78 In 12 cases of T-cell lymphoma of the LMG 
type enrolled in this study, EBV genetic DNA and 
EBV-encoded latent membrane protein were de- 
tected in all 10 and 7 cases tested, respectively (un- 
published data). Previous in vitro reports showed that 
EBV or latent membrane protein could enhance the 


~ 


Fig 3. Immunoperoxidase staining profiles for ICAM-1 in tissues 
from T-cell lymphoma of lethal midline granuloma type (original 
x400). Markedly intense expression of ICAM-1 is found A) in 
angiocentric lymphoreticular infiltrate region (arrows), B) in 
angiodestructive region, and C) in large number of macrophages 
infiltrating into tissues. 


expression of ICAM-1 on a nasopharyngeal carci- 
nomacell line, amurine B-cell line, and several EBV- 
positive or -negative cell lines.?’-2? It is reasonable to 
speculate that the existence of the virus may provide 
a significant contribution to the expression and/or 
shedding of ICAM-1 in this particular lymphoma. In 
another report,?? we demonstrated increased serum 
ICAM-1 levels in adult T-cell leukemia in which 
human T-lymphotrophic virus type 1 was integrated. 
Tumor cells have been reported as another candidate 
for the source of soluble ICAM-1. In this study, 
although ICAM-1 expression was seen in lymphoma 
cells in all cases tested, the staining intensities were 
not related to the serum ICAM-1 levels. Further in 
vitro and in situ studies will be needed to clarify the 
source of shedding of ICAM-1. 


The functional role of soluble ICAM-1 is not clear 
yet. The interaction of ICAM-1 and LFA-1 is crucial 
in non—major histocompatibility complex-restricted 
cell interactions.2>:37 Serum ICAM-1 retains the abil- 
ity to bind specifically to LFA-1, and thus could 
block LFA sites on circulating T-cells. This would 
ultimately lead to an impairment of the adhesiveness 
to cellular ICAM-1 and, as a consequence, T-cell- 
dependent immune functions, including host anti- 
tumor immunity, would be blunted. In fact, in this 
study, increased serum ICAM-1 levels were closely 
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associated with impaired T-cell-dependent immune 
functions assessed by delayed-type hypersensitivity 
skin reactions or the CD4/CD8 ratio of PBLs, both in 
T-cell lymphoma of the LMG type and in other head 
and neck lymphomas. The shedding of ICAM-1 
could also block the attachment of killer T, NK, and/ 
or lymphokine-activated killer cells to tumor cells, 
leading tumor cells to escape the immunosurveillance 
system of the host. In such a way, frequent wide- 
spread dissemination or relapse into distant sites may 
occur in T-cell lymphoma of the LMG type having a 
large amount of soluble ICAM-1. The clinical obser- 
vation that serum ICAM-1 became higher as the 
lymphoma relapsed in some cases could support this 
speculation. 


Serum ICAM-1 has been proposed as a new clini- 
cal marker in several malignancies such as melano- 


ma, gastrointestinal cancers, and Hodgkin’s disease, 
because the higher levels were correlated with me- 
tastasis, tumor spread, and poor prognosis.2>-23:38 In 
this study, elevated serum levels of soluble ICAM-1 
were associated with increased levels of serum lac- 
tate dehydrogenase, which is one of the lymphoma 
progression markers, as well as with a poor prognosis 
both in T-cell lymphoma of the LMG type and in 
other head and neck lymphomas. When serum ICAM- 
1 levels were monitored in individual patients, the 
levels decreased in the complete remission interval 
compared to before treatment and went up again 
when the lymphoma relapsed. Therefore, it is sug- 
gested that serum ICAM-1 level could be a useful 
parameter for monitoring the clinical course of indi- 
vidual patients with head and neck non-Hodgkin’s 
lymphomas, including T-cell lymphoma of the LMG 


type. 
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SECRETORY OTITIS MEDIA IN ADULTS: I. THE ROLE OF MASTOID 
PNEUMATIZATION AS A RISK FACTOR 


JACOB SADE, MD 


CAMIL FUCHS, PHD 


TEL-AVIV, ISRAEL 


We analyzed clinically 102 ears with secretory otitis media (SOM) belonging to 72 adult patients who during their adult life had not 
suffered previously from ear disease. As in children, most of the cases (63%) could be traced directly to an upper respiratory tract 
infection. The most striking finding was the preponderance of poorly pneumatized mastoids — which were measured planimetrically — 
among our SOM cohort. This was found in adult SOM ears compared to contralateral healthy ears (4.59 versus 7.88 cm2), as well as when 
all 102 SOM ears were compared with values of the normal population (5.41 versus 12.9 cm). This study showed that poorly pneumatized 
mastoids are a significant risk factor as far as adult SOM is concerned. 


KEY WORDS — chronic otitis media, eustachian tube, mastoid, secretory otitis media. 


The clinical features of secretory otitis media 
(SOM) in children have been studied and reported 
extensively,! but as yet there are no reports describ- 
ing its special character in adults. In children, it has 
been demonstrated that a negative correlation exists 
between chronic SOM and the amount of mastoid 
pneumatization.28 However, since children’s mas- 
toid pneumatization has not yet matured, it is impos- 
sible to establish whether the small mastoid was 
predisposed to SOM or whether the long-standing 
SOM caused the mastoid to stay hypopneumatized. 
The purpose of this study was to assess the relation- 
ship between SOM and mastoid pneumatization in a 
population of adults whose mastoids had matured 
many years previously, prior to the beginning of the 
study. 


MATERIALS AND METHODS 


Between January 1988 and July 1993, 72 adult 
patients treated for SOM were enrolled in this study. 
Only those patients in whom SOM was a recent 
episode during their adult life were enrolled in this 
study. Patients with middle ear effusion associated 
with barotrauma or carcinoma of the nasopharynx 
were excluded. Patients who presented on first ex- 
amination with atelectasis or middle ear operations, 
which would indicate previous protracted middle ear 
disease, were excluded as well. All the patients were 
adults, and their ages ranged from 14 to 80, with an 
average of 49 years. Medical history, otoscopy, naso- 
pharyngeal inspection, and measurement of the ex- 
tent of mastoid pneumatization were performed by 
the senior author (J.S.). All patients had had repeated 
audiograms and tympanometry, but the audiologic 
features, treatment, and course of the disease will not 


be discussed here. The extent of the mastoid pneu- 
matization was measured planimetrically by Schul- 
ler’s projections (Fig 1), a method that has been gen- 
erally adopted as representing the relative extent of 
the mastoid pneumatization.>.6*!! 


RESULTS 


Recent Medical History. Upper respiratory tract 
infection or acute otitis media (AOM) was seported 
by 45 patients (63%). Twenty-four patients (33.3%) 
denied having recently had such an episode, while 3 
patients were uncertain. 


Nasopharyngoscopy. One patient presented a pap- 
illoma originating from the vomer, and 1 patient a 





Fig 1. Planimetric demarcation of mastoid pneumatization. 
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SUMMARY OF PNEUMATIZATION VALUES FOR SEVERAL SUBGROUPS OF 102 EARS 


Mean (cm?) SD (cm?) 

Gender 

Male 5.46 6.80 

Female 5.36 5.79 
Bilateral SOM 

Right ear 6.23 6.59 

Left ear 5.86 5.92 
Unilateral SOM 

Ear with SOM 4,59 6.34 

Ear without SOM 7.88 6.40 

SOM -— secretory otitis media. 


visible adenoidal pad in the nasopharynx. In the rest, 
ie, in 97.2% of patients, the nasopharynx was clear 
and contained no masses or visible pus. 


Gender and Bilaterality of Ears With SOM and 
Mastoid Pneumatization. We found no significant 
difference between the mastoid sizes of males (50 
ears with a mean of 5.46 cm? and an SD of 6.80 cm?) 
and females (52 ears with a mean of 5.36 cm? and an 
SD of 5.79 cm2). 


Among the 72 patients, 30 (41.6%) had bilateral 
SOM and 42 had unilateral SOM, for a total of 102 
ears. There was a nonsignificant difference in the 
mastoids’ size between the two ears with SOM when 
appearing bilaterally: 6.23 and 5.86 cm? for right and 
left ears, respectively. The correlation coefficient 
was r? = .74, with 15 of 30 patients having equal 
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susevees Good pneumatization, 35 adult S.O.M. patients - Group B 
Fig 2. Distribution of pneumatization: normal material 
(thin line),!2 Gaussian approximation for normal material 
(dashed line), and patients with secretory otitis media 
(SOM) from this study (thick line, group A; thick broken 
line, group B). 








No. of Student's t 
Ears Statistic df P 
50 
52 0.075 100 .940 
30 
30 0.592 29 558 
42 
42 -3.241 41 .001 


pneumatization levels in both ears. In the group with 
unilateral SOM the mean pneumatization levels were 
4.59 cm? for the ears with SOM and 7.88 cm? for the 
ears without SOM. The difference was highly signifi- 
cant (p < .001). The values are summarized in the 
Table. 


Comparison Between Pneumatization Means of 
SOM and Normal Population. The distribution of the 
size of the air cell system in our sample of 102 adult 
ears with SOM had a mean of 5.41 cm? and an SD of 
6.31 cm?. The 95% confidence interval for the mean 
in the appropriate population is between 4.19 and 
6.63 cm2, An empirical study on the size of the air cell 
system in normal adult patients! yielded a sample 
mean of 12.9 cm? and an SD of 5.0 cm?. Those 
planimetric results also show an excellent agreement 
with Diamant’s!3 measurements made 40 years ago 
(a mean of 12.9 cm? versus 12.7 cm?). Both studies 
show that the distribution of the mastoid size in 
normal patients is closely approximated by a Gaussian- 
type curve (Fig 2!2). The 95% confidence interval for 
the mean in the healthy population is between 12.1 
and 13.7 cm2. The test statistic for the comparison of 
the means in the population of SOM versus non-SOM 
patients is highly significant (p < .0001). Thus, on the 
average, the size of the air cell system in ears with 
SOM is considerably smaller than both that in the 
contralateral ear without SOM and that expected in 
normal ears. 


Analysis of Percentiles. The analysis of the distri- 
bution of the size of the air cell system in SOM 
patients reveals an extreme left-hand skewness (Fig 
2). The shape of the distribution shows a clear mono- 
tonic relationship between poor pneumatization and 
an increased proportion of SOM occurrence. We 
have used a rather arbitrary statistical cutoff point, ie, 


` 6 cm2, to divide ears into two basically different 


groups. Group A comprises all ears whose mastoid 
size is 6 cm? and lower, and group B comprises all 
ears with a mastoid above 6 cm2. The estimate of the - 
probability of all ears’ having a pneumatization level 
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Fig 3. Ratios of risk of SOM occurrence. A) For 0 
specific ranges of pneumatization from group A 

versus entire group B (7 to 28 cm2). B) For entire 

group A (0 to 6 cm?) versus specific ranges of A 
pneumatization from group B. Note that there is 
approximately equal decreased risk in group B 
between 7 and 12 cm? versus group A, and even 
further decrease in risk for higher pneumatiza- 
tion, ie, above 13 cm?. 
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of 6 cm? and lower is 9.7% in normal material versus 
65.7% in the ears with SOM in our study. Again, the 
difference in proportions is highly significant (p < 
.0001). We can conclude that in the adult population 
of ears with SOM, the proportion of cases with poorly 
pneumatized mastoids is much higher than in the 
population of normal ears. 


Estimates of SOM Occurrence. The direct assess- 
ment of the probability of occurrence of SOM in the 
general population, given that an individual has a 
certain level of pneumatization, requires extensive 
epidemiologic studies. However, interesting enough, 
while we cannot estimate directly the rates of occur- 
rence of SOM in the population at large, we can 
assess the ratio of the risks in two populations with 
different levels of pneumatization. The computations 
are based on the Bayes theorem (see Appendix!?) and 
use both our data and the previously published data 
on the normal distribution of pneumatization.! In 
particular, we can assess the ratios of the risks of 
SOM for specific levels of pneumatization in one 
group (say, below 4 cm? in group A) versus the pop- 
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ulation in the entire other group (say, all group B, ie, 
above 6 cm?). Similarly, we can assess the ratios of 
the SOM risks for levels of pneumatization above 
each value in group B (say, above 8 cm?) versus the 
entire population in group A, ie, less than or equal to 
6 cm?. Those ratios of risk are presented in Fig 3, 
where it can be seen that a person whose air cell sys- 
temis less than or equal to 2cmĉhas a 79 times higher 
probability of an SOM occurrence than a person in 
group B. From Fig 3B, we see that a person with a 
pneumatization level larger than 10 cm? has about a 
23 times lower probability of SOM occurrence than 
a person in group A, and so on. The ratio of risk 
between each of the two entire groups (A versus B) is 
18. Note that there is an approximately constant 21 
times higher risk for SOM occurrence in group A as 
a whole versus the segment of group B in which the 
values are between 7 and 12 cm2. 


DISCUSSION 


The cause of SOM in adults seems to be similar to 
that in children, in that 63% of the adult patients in 
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this study reported that the onset of their condition 
was related to an upper respiratory tractinfection, and 
this is also usually the case with children.!4.15 The 
impression is that during local winter “epidemics” of 
upper respiratory tract infections, there is a marked 
rise in incidence of SOM, not only in children, but in 
adults as well. This inflammatory background corre- 
sponds well to the histologic picture, biochemical 
character, and bacteriological studies of SOM.!!0 


In 97.4% of the adult patients in this study, the 
nasopharynx was Clear, thus ruling out obstruction as 
a significant etiologic factor. 


A striking feature of this study was the relatively 
large number of adult patients in whom the mastoid 
on the affected side was poorly pneumatized. In 
65.7% of the ears in this study, the pneumatization 
level was 6 cm? and less, versus 9.7% of the normal 
adult population!? (Fig 2). Furthermore, we have 
estimated the ratios of risks for SOM occurrence for 
persons with different levels of pneumatization. The 
analysis clearly indicates that prior poor pneumati- 
zation of the mastoid can beconsidered a very signifi- 
cant risk factor in the pathogenesis of SOM in adults. 
The statistical analysis suggests that persons with 
pneumatization levels of less than or equal to 6 cm? 
(defined as group A in our study) are 18 times more 
prone to acquire SOM than persons with better pneu- 
matization (group B). The ratios of risk do not seem 
to change significantly for various sizes of the air cell 
system within group B. Thus, for example, the ratio 
of SOM occurrence in group A versus the persons 
with 7 cm? or more does not differ significantly from 
the ratio obtained when group A is compared, say, 
versus persons with 12 cm? or more. This seems to 
provide further justification for the selection of 6 cm? 
as a first cutoff point between groups. A further 
decrease in the risk of acquiring SOM seems to occur 
for values of pneumatization larger than the mean of 
the normal population, ie, larger than 13 cm? (Fig 
3B). We emphasize, however, that the information 
from a larger sample size may indicate that the 
division into groups can be better served by a slightly 
different cutoff point (or cutoff points) than that 
defined in this study. Nevertheless, the overall quali- 
tative results are strongly supported by the analysis of 
this study: the risk of SOM occurrence depends on the 
pneumatization level — not necessarily in a strictly 
monotonic manner, but rather as a step function. The 
risk for SOM occurrence increases as we descend 
from one level of pneumatization to the other. An 


obvious conclusion from this study is that SOM in 
adults is more likely to occur in ears with poorly 
pneumatized mastoids than in ears with well-pneu- 
matized mastoids. 


This study does not concern itself with the mode 
and pathogenesis of the original formation of a small 
or a large mastoid pneumatization. All our patients 
were adults, and their mastoids had already formed to 
their final size irrespective of what happened to their 
ears in infancy and childhood. The scanty pneumat- 
ization found by us to precede SOM may be viewed 
as a risk factor and, therefore, a likely pathogenetic 
factor, as previously pointed out by Diamant et al3-11 
and Flisberg and Zigmoid.? 

The way in which the pneumatic system influ- 
ences the pathogenesis of SOM may be related to its 
function as a middle ear physiologic pressure buf- 
fer.!619 The buffer mechanism operates by virtue of 
the fact that the volume occupied by the pneumatic 
space shares in any pressure aberrations, whether 
positive or negative, of the middle ear cleft, accord- 
ing to Boyle’s law. Therefore, the larger the pneuma- 
tization, the more efficient is its pressure-equalizin 
potential. This is also borne out by Holmquist’s!9 
early studies and the excellent study of Sedeberg- 
Olsen et al”9 in which the actual size of the middle ear 
cleft was shown to be related to the prognosis of SOM 
in children. 


Children, in whom the pneumatization system is 
not yet fully developed, may also be described as a 
poorly pneumatized group. On the way to puberty, 
the mastoid system usually matures and pneumatiza- 
tion increases, the progress of many atelectatic con- 
ditions is halted or reversed, and the middle ear may 
revert to normal.2!:22 During growth, most children 
pass from pneumatization group A to group B — 
some more slowly than others. 

The entire syndrome of chronic otitis media is 
associated with a middle ear negative pressure, 
which was widely believed to be secondary to ob- 
struction, narrowing, or other insufficiency of the 
eustachian tube. The theory of organic aberration of 
the tubes as an etiologic factor has, however, been 
disproved.18.23-26 The phenomenon of middle ear 
negative pressure probably involves a complex and 
multifactorial process in which obstruction of the 
tube by mucus streaming out of the middle ear, !* the 
size of the mastoid pneumatization, and fluctuation 
of gas diffusion into and from the circulation all play 
a role.27 e 
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APPENDIX 
Let us define 
X= The size of the air cell system of a randomly selected person. 
P(SOM) = Marginal probability of occurrence of SOM. 
P(X sa)= Marginal probability that the size of the air cell system of a randomly selected person is less than or equal to a. 
P(X > b)= Marginal probability that the size of the air cell system of a randomly selected person is greater than b. 


P(SOM |X sa)= Conditional probability of occurrence of SOM in a person whose size of the air cell system is less than or equal to a. 
P(SOM i X >b)= Conditional probability of occurrence of SOM in a person whose size of the air cell system is greater than b., 

P(X sa| SOM)= Conditional probability that the size of the air cell system of a person with SOM is less than or equal to a. 

P(X > b\SOM)= Conditional probability that the size of the air cell system of a person with SOM is greater than b. . 


Then we have 


P(SOM | X s a) = P(X s a | SOM) x P(SOM)/P(X s a) 


and 


P(SOM | X > b) = P(X > b | SOM) x P(SOM)/P(X > B) 


Therefore, 


P(SOM | X s a)/P(SOM | X > b) = {P(X < a | SOM)/P(X > b | SOM) {P(X s a)/P(X > b)} 


For example, fora = b= 6, we estimate from our study the first term as (67/35) = 1.91. Now, from our normal data!2 we estimate the second term as (0.097/ 
0.903) = 0.107. The ratio of the two terms, ie, (1.914/0.107) = 17.8, is the estimated ratio of rates of occurrence of SOM in persons whose size of the air 


cell system is less than 6 cm? versus persons with better pneumatization. 
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ROLE OF SUBSTANCE P IN THE VASCULAR RESPONSE 
OF NASAL MUCOSA IN NASAL ALLERGY 
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The effects of topically administered substance P (SP) on nasal blood flow and nasal airway resistance (NAR) were evaluated in 
11 subjects with perennial nasal allergy. The change in NAR induced by SP was compared with those induced by nasal challenge with 
histamine, leukotriene D4 (LTD4), and antigen. In doses 216 nmol, SP caused a significant increase of nasal blood flow within 5 minutes 
that lasted for less than 20 minutes. In doses 216 nmol, SP caused a dose-dependent, short-lasting, significant increase in NAR. The 
magnitude of the increase in NAR was LTD4 > SP > histamine when compared on a molar basis. Our results may suggest that SP released 
from C fiber terminals is partially involved in an early nasal vascular response after antigen challenge by acting on adjacent vascular 
smooth muscle to cause a transient vasodilatation of both resistance and capacitance vessels only while sensory stimulation persists in 


subjects with nasal allergy. 


KEY WORDS — mucosal blood flow, nasal airway resistance, nasal allergy, substance P. 


INTRODUCTION 


In most species, including humans, a subpopula- 
tion of the trigeminal neurons innervating the nasal 
mucosa is substance P (SP)— and calcitonin gene— 
related peptide (CGRP)—immunoreactive (IR) and is 
located both beneath and within the epithelium, as 
well as around the arterioles, venules, sinusoids, and 
nasal glands.!-3 These fibers belong to the C fiber 
group, which transmits the nociceptive sensations of 
itch, burning, and pain.‘ Capsaicin extracted from hot 
pepper affects these SP- and CGRP-IR nerve termi- 
nals to cause release of SP and CGRP, resulting in a 
long-lasting nonadrenergic and noncholinergic dila- 
tation of resistance and capacitance vessels of the 
nasal mucosa in cats.> Antidromic electrical stimula- 
tion of the maxillary division of the trigeminal nerve 
in the sympathectomized cat causes atropine-resis- 
tant and hexamethonium-resistant dilatation of resis- 
tance and capacitance vessels with increased vascu- 
lar permeability in cat nasal mucosa.® The flare 
response that is observed surrounding a wheal when 
human skin is injected with histamine is considered 
to be induced by the axon reflex, which is signifi- 
cantly inhibited by capsaicin pretreatment.’ In sub- 
jects with nasal allergy, histamine released from mast 
cells on antigen-antibody reaction in the nasal mu- 
cosa is a major chemical mediator in causing sneez- 
ing by stimulating the SP- and CGRP-IR nerve termi- 
nals distributed beneath and within the epithelium.* It 
may be possible that histamine may also cause nasal 
vascular reactions via the axon reflex mediated by SP 


and CGRP, besides causing potent direct vascular 
effects. The possible role of SP and other sensory 
peptides in the development of hyperreactive symp- 
toms in airway allergy has been hypothesized by 
some authors.?:!9 However, the response of the hu- 
man nasal vasculature to SP in vivo, and particular- 
ly the possible role of SP via axon reflex in pathogen- 
esis of nasal mucosal swelling, are still controver- 
sial.!!-16 The present study was performed to evaluate 
the possible role of SP via the axon reflex in swelling 
of the nasal mucosa induced by chemical mediators 
in subjects with nasal allergy. We have evaluated the 
effects of exogenous SP on the resistance and capaci- 
tance vessels of the nasal mucosa and sneezing in 
subjects with nasal allergy and have compared them 
with the effects of histamine, leukotriene D4 (LTD4), 
and antigen. 


SUBJECTS AND METHODS 


Subjects. Eleven patients with perennial nasal al- 
lergy (4 women, 7 men; age 17 to 28 years) who had 
more than moderate hyperreactive nasal symptoms 
according to Okuda’s criteria!” and were allergic to 
house dust and mites alone, confirmed by skin tests, 
nasal provocation tests, and radioallergosorbent tests, 
were enrolled in the study. No drugs were allowed 
during the 3 weeks preceding the study. All subjects 
gave informed consent prior to the study. 


Study Design. The time schedule of the study is 
shown in Fig 1. On day 1, the effect of topically 
administered SP in doses of 8 to 16 nmol on blood 
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flow of the nasal mucosa was evaluated with a laser 
Doppler flowmeter (Vasamedics BPH-403A, St Paul, 
Minn). On days 2 to 6, the effects of topical adminis- 
tration of SP (4 to 64 nmol), histamine (4 to 512 
nmol), LTD4 (4 to 16 nmol), 10% ethanol in phos- 
phate-buffered saline (PBS) used as a diluent for 
LTD4, and antigen on the time course of changes of 
nasal airway resistance (NAR) were measured by 
means of active posterior rhinomanometry (Nihon 
Kohden, MRP2100, Japan). 


Variations of frequency of sneezing as a parameter 
to evaluate the degree of sensory stimulation after 
nasal challenge with each substance were also re- 
corded. Synthetic SP (Peptide Institute Inc, Japan) 
and histamine diphosphate (Nakarai Chemical Ltd, 
Japan) were dissolved in PBS (pH 7.4, 286 mosm). 
Leukotriene D4 (Sigma) stocked in 100% ethanol 
was dissolved in PBS on use. Each measurement was 
performed on 6 different days separated by at least 7 
days. 


Evaluation of Response of Blood Flow in Nasal 
Mucosa to SP. After the subjects rested in the supine 
position for 30 minutes, a piece of filter paper (5 x 10 
mm) soaked with diluent (PBS, 20 uL), 8 nmol, and 
16 nmol of SP dissolved in 20 uL of PBS was 
unilaterally applied for 5 minutes at 30-minute inter- 
vals to the median surface of the inferior turbinate 
mucosa near its anterior tip. Change of blood flow 
was measured by fixing the tip of a fiberoptic probe 
of 3 mm diameter on the nasal mucosa where test 
solutions were applied, just before application and at 
5, 10, 20, and 30 minutes after removal of the filter 
paper soaked with test solution. 


Evaluation of Changes of NAR Induced by SP, 
Histamine, LTD4, and Antigen. After the subjects 
remained in the room for 30 minutes, following the 
time schedule shown in Fig 1, on day 2, PBS and 4, 
8, 16, 32, and 64 nmol SP dissolved in 20 uL x 2 of 
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PBS per bilateral nasal cavities were instilled at 30- 
minute intervals on the inferior turbinate mucosa 
near the anterior tips bilaterally through a micropi- 
pette under direct vision. During the study the sub- 
jects were in a sitting position. After the subjects blew 
their noses gently, NAR was measured at 10, 20, and 
30 minutes after administration of test solutions. 
Resistance at the inspiratory flow 0.15 L/s was calcu- 
lated and was expressed as centimeters of water per 
liter per second. 


On day 3, NAR was measured just before and at 10, 
20, 30, and 60 minutes after topical administration of 
20 uL x 2 of PBS and histamine solution in doses of 
4, 16, 32, 64, 256, and 512 nmol dissolved in 20 uL 
x 2 of PBS per bilateral nasal cavities at 1-hour 
intervals. On day 4, NAR was measured just before 
and at 10, 20, 30, and 60 minutes after topical admin- 
istration of LTD4 solution in doses of 4, 8, and 16 
nmol dissolved in 20 uL x 2, 40 uL x 2, and 80 uL x 
2 10% ethanol in PBS, respectively, at 1-hour in- 
tervals. On day 5, NAR was measured before and 
after topical administration of 20 uL x 2, 40 uL x 2, 
and 80 uL x 2 10% ethanol in PBS following the same 
time schedule as day 5. On day 6, antigen challenge 
was performed with an antigen disc that contained 
12.5 ug freeze-dried dust mites per disc (Torii Phar- 
maceutical Ltd, Japan) on the inferior turbinate bilat- 
erally, and NAR was measured just before and at !/6, 
1/3, 1/2, 1, 2, 3, and 4 hours following antigen chal- 
lenge. 


Statistical Analysis. The data are expressed as 
mean and standard deviation. Statistical analysis was 
performed with a one-way analysis of variance, and 
p values less than 5% were considered significant. 


RESULTS 


Change of Blood Flow in Resistance and Ex- 
change Vessels of the Nasal Mucosa Induced by 
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Fig 2. Variation of blood flow in nasal mucosa induced by 
SP measured by Doppler flowmeter. Sixteen nanomoles 
of SP caused significant increase in blood flow that lasted 
for less than 20 minutes. * — p < .05, ** — p < .01. 


Topical Administration of SP. Although diluent did 
not cause a significant change in blood flow, 8 nmol 
of SP caused an increase in blood flow, although not 
significant statistically, of 24% over the base level, 
and 16 nmol of SP caused a statistically significant 
increase in blood flow — 55% (p < .01) over the base 
level at 5 minutes and 44% (p < .05) at 10 minutes — 
which returned to baseline in less than 20 minutes 


(Fig 2). 


Changes of NAR Induced by Nasal Challenge of 
SP, Histamine, LTD4, and Antigen. Whereas diluent 
did not cause any significant change in NAR, chal- 
lenges with SP, histamine, and LTD4 caused a dose- 
dependent increase in NAR. Increases in NAR in- 
duced by 32 and 64 nmol of SP were 70% and 249% 
of baseline NAR, respectively, which were signifi- 
cant statistically (Fig 3). The duration of increase in 
NAR induced by 64 nmol SP was less than 20 minutes 
in 9 of 11 subjects (Fig 4A). Six of 11 subjects 
developed facial cutaneous flushing with a sensation 
of warmth in the cheeks and palpitations within 1 to 
2 minutes following administration of 64 nmol of SP, 
which lasted for less than 1 to 2 minutes. Variations 
of NAR induced by topical administration of hista- 
mine and LTD4 are shown in Fig 4B,C. Challenges 
with the active substances resulted in a significant 
increase from baseline at doses of =8 nmol for LTD4, 
232 nmol for SP, and 64 nmol for histamine. The 
relative ordering of the substances with regard to the 
magnitude of the increase in NAR was LTD4 > SP > 
histamine when compared on a molar basis (32 nmol). 
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Fig 3. Dose-response relations for increase of NAR induced 
by SP. Nasal airway resistance was measured 10 minutes 
after application of SP, which caused dose-dependent 
significant increase in NAR. * — p < .05, NS — no 
significant difference. 


The magnitude of increase in NAR induced by SP in 
doses of 32 nmol was almost the same as that induced 
by histamine in doses of 64 to 256 nmol. After antigen 
challenge, the NAR increase proceeded gradually, 
reaching a peak at 1 hour. Although it tended to return 
to baseline NAR after 1 hour, the increase of NAR at 
2 hours was still significant compared to baseline 
NAR (Fig 5B). In contrast, the duration of a signifi- 
cant increase of NAR induced by SP in doses <64 
nmol was less than 20 minutes, and those induced by 
LTD4 in doses of s16 nmol and histamine of <64 
nmol were less than 1 hour. 


Relationship Between Sneezing as Parameter for 
Evaluating Strength of Sensory Stimulation and 
Change of NAR Observed on Nasal Challenge With 
Histamine and Antigen. The numbers of sneezes 
induced by SP and LTD4 were not significantly 
different from those induced by their diluents. Figure 
6 shows dose-response relationships for number of 
sneezes and for percent change of NAR induced by 
topical administration of various doses of histamine. 
Histamine at a dose of 4 nmol induced a significant 
number of sneezes in 9 of 11 subjects. However, the 
same dose of histamine induced a significant increase 
in NAR in only 1 subject. The threshold level of 
histamine for causing a significant number of sneezes 
was 4 nmol, while 64 nmol was required to induce a 
significant increase in NAR. 


When we compared the variation of the number of 
sneezes with that of the change of NAR induced by 
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Fig 4. Variations of NAR induced by topical administration 
of antigen. * — p < .05; ** — p < .01; NS — no significant 
difference. A) With 64 nmol of SP. Significant increase in 
NAR lasted for less than 20 minutes. B) With histamine. 
Histamine in doses over 64 nmol caused significant increase 
in NAR. C) With LTD4. LTD4 in doses over 8 nmol caused 
significant increase in NAR. Ten percent ethanol in PBS 
indicates diluent for 32 nmol LTD4. 














0 10 20 30 min 
Time course 
A 
8r com H.0/L/sec 
Sr om H,0/L/sec 
RK HER 
512nmol 
Peed X K 
256nmol 
6 6 
x 
X oc 
16nmol 
L 4 64nmol L 4 
2 eau > 8nmol 
4 | 
16nmol pie 
10% ethanol 
in PBS 
0 10 20 30 60 min 0 10 20 30 60 min 
Time course Time course 
B 


antigen challenge, an apparent difference was ob- 
served between them. Sneezing started within 5 min- 
utes after antigen challenge in most subjects and 
lasted for less than 10 minutes, while NAR increased 
gradually and reached a peak after 1 hour (Fig 5). 


DISCUSSION 


Vascular responses measured by the laser Doppler 
flowmeter indicate changes of blood flow in resis- 
tance and exchange vessels in the nasal mucosa.!8 An 
increase of NAR reflects dilatation of capacitance 
vessels and/or enhanced vascular permeability in the 


nasal mucosa. The blood flow of the nasal mucosa 
measured by the laser Doppler flowmeter increased 
statistically significantly within 5 minutes after ad- 
ministration of 16 nmol of SP and returned to the base 
level in less than 20 minutes. Substance P in doses 
over 32 nmol induced a significant dose-dependent 
increase in NAR. The magnitude of increase in NAR 
induced by SP in doses of 32 nmol was almost equal 
to that induced by LTD4 in doses of 8 to 16 nmol and 
was almost the same as that induced by histamine in 
doses of 64 to 256 nmol. The ratio of the molecular 
weights of each substance is 1,347:496:307 for SP: 
LTD4:histamine. 
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Fig 5. Variations of A) frequency of sneezes and B) NAR induced by antigen challenge on nasal mucosa. * — p < .05, ** —— p 
<.01, *** p <.001. Sneezing started within 5 minutes after antigen challenge in most subjects and continued for less than 10 
minutes, while NAR increased gradually and reached peak after 1 hour. 


The amounts of histamine and LTD4 in the nasal 
lavages at 10 minutes after antigen challenge were 
162 x 10-3 nmol and 1.14 x 10-3 nmol, respectively, !9 
and the amount of SP in nasal lavages after antigen 
challenge was reported to be about 0.08 x 10-3 nmol.14 
In view of these large differences in the amount of 
each of these endogenous substances!5:19-2! in nasal 
lavages obtained after antigen challenge in subjects 
with nasal allergy, and possible large differences in 
absorption and degradation rates of these exogenous 
and endogenous substances in and on the nasal mu- 
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Dosage of Histamine 


Fig 6. Dose-response relations for number of sneezes per 
10 minutes (filled circles) and for percent change of NAR 
in 10 minutes (empty circles) after topical application of 
various doses of histamine. Threshold level of histamine 
to cause significant number of sneezes was 4 nmol, but 64 
nmol was required to induce significant increase in NAR. 
** a p < 01, *** — p< 001. i 


cosa, it is difficult to define the comparative impor- 
tance of these substances. in the pathogenesis of 
mucosal swelling in nasal allergy. Compared to the 
sustained increase of NAR induced by antigen, LTD4, 
and histamine, the increase in NAR induced by SP in 
doses almost causing systemic side effects was rather 
short-lasting. Histamine is considered to cause sneez- 
ing by stimulating C fiber terminals distributed in and 
under the nasal epithelium.>-* Stimulation of C fibers 
by histamine may cause nasal vascular responses via 
the axon reflex. However, although histamine in a 
dose of 4 nmol was sufficient to cause sneezing in 9 
of 11 subjects, a significant increase in NAR induced 
by the same dose was observed in only 1 subject. The 
present study may indicate that SP released from SP- 
IR terminals distributed adjacent to the vascular 
smooth muscle in response to sensory stimulation 
may be partially involved in an early vascular reac- 
tion after antigen challenge by causing relaxation of 
the vascular smooth muscle resulting in a short- 
lasting dilatation of resistance and also capacitance 
vessels with short latency in the nasal mucosa only 
while sensory stimulation persists in subjects with 
nasal allergy. Substance P injected intradermally in 
humans has been demonstrated to produce a dose- 
dependent wheal and flare reaction.22:23 As the flare 
reaction was abolished by pretreatment with H1 re- 
ceptor antagonist, this was considered to be caused by 
histamine released from mast cells.?224 In the present 
study, topically administered SP induced neither 
sneezing nor nasal itching. This is consistent with 
previous reports, which showed that exogenous SP in 
doses of 10 to 80 nmol!! and 20 to 160 nmol! on the 
nasal mucosa did not cause an increase of histamine 
in nasal lavages. The observed vascular responses 
induced by SP in the present study were considered to 
be direct effects of SP on the nasal vasculature 
without involvement of mast cell degranulation. Mu- 
cosal swelling observed after antigen challenge is 
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caused by dominant plasma protein extravasation 
together with vasodilatation. Antidromic stimulation 
of the trigeminal nerve in the caté and topical admin- 
istration of SP in doses of 10 to 80 nmol on the nasal 
mucosa in subjects with nasal allergy!! have also 
been reported to cause an increase in plasma protein 
extravasation and inflammatory cellular responses 
besides vasodilatation. However, judging from the 
fairly rapid time course of changes in NAR induced 
by SP compared to those induced by antigen, a short- 
lasting increase in NAR with short latency induced 
by SPin the present study is assumed toreflect mainly 


dilatation of capacitance vessels in the nasal mucosa. 
There are diverse opinions regarding the effects of SP 
on nasal blood flow?5 and NAR.!!-13.16 These differ- 
ences must be due to different SP dosages and differ- 
ent methods of administration. In the development of 
mucosal swelling observed after antigen challenge, 
various vasoactive substances are involved, includ- 
ing those from basophilic cells, C fiber terminals, 
parasympathetic nerve terminals, and others. To evalu- 
ate the comparative importance of SP further, we 
need a pure and potent SP antagonist available for 
clinical study. 
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An ofoneurological expert system was developed to help collect data and diagnose both central and peripheral diseases causing 
vertigo. Patient history and otoneurological and other examination results are used in the reasoning process. The case history data can 
be either mandatory or supportive. Mandatory questions are used to confirm a diagnosis, and conflicting answers are used to reject an 
unlikely disease. Supportive questions support or suppress a diagnosis, but their presence is not obligatory. The reasoning procedure of 
the otoneurological expert system scores every question independently for different diagnoses, depending on how well they agree with 
the symptom entity of a disease. Diagnostic criteria are set for each disease, Graphic displays illustrate the linear and nonlinear correlation 
between the symptoms and diseases. Emphasis is placed on diminishing the possibility of a wrong decision rather than maximizing the 
likelihood of reaching only one right decision, so that even rare diseases can be taken into consideration. 


KEY WORDS — artificial intelligence, dizziness, otoneurological expert system, vestibular diagnosis. 


INTRODUCTION 


Vertigo, or dizziness, is a problem confronting 
physicians in different fields of medicine. Two expert 
systems have been presented to aid the diagnostic 
processing of vertigo. They both have strong and 
weak points. For example, although they concentrate 
only on diseases originating from peripheral causes, 
the deductive workis mainly based on patient history, 
and the aid of otoneurological tests has thus far 
remained unused in the diagnostic work. 


Expert systems are used either to aid the diagnostic 
workup or to guide treatment choice when a diagno- 
sis is known. With the choice of treatment, the causal 
reasoning mechanisms can be good, but in diagnostic 
work, where the cause of the disease can be unknown 
or hypothetical, as it is in Meniere’s disease, a rule- 
based technique may not be suitable. In other fields of 
medicine several expert programs have been devel- 
oped. Some systems use epidemiologic information 
in addition to the rule-based technique to aid diagnos- 
tic work.? It is well suited to some areas of medical 
reasoning, but it may sometimes lead to overgener- 
alization of the most frequent disease so that infre- 
quent diseases are lost in the reasoning.4 


Our goal was to create an expert system that 
incorporates even rare diseases into the workup for 
vertigo. We tried to diminish the risk of obtaining a 
wrong decision rather than to maximize the possibil- 
ity of making only one right decision. Reliability is 


crucial in medical decision making. This otoneuro- 
logical expert system, called ONE, can suggest sev- 
eral diseases, but the ultimate decision is made by the 
user. 


BACKGROUND OF OTONEUROLOGICAL 
EXPERT SYSTEM 


We planned ONE for use with our data base for 
vertigo. The system requires a 640-kilobit IBM- 
compatible personal computer with a videographics 
array display. The program is written in C-language 
and has a high-quality graphic user interface. De- 
tailed information about patient history and symp- 
toms and findings in neurotological, audiological, 
and imaging tests are stored in the data base. The 
symptoms have been classified into three sets of 
questions on vertigo, hearing loss, and tinnitus and 
their provoking factors. The data base offers an 
optimal means by which to store large amounts of 
specific information that can be quickly retrieved if 
needed, This information is collected in the data base 
interactively with a personal computer or with the use 
of a questionnaire. The questionnaire is easily filled 
out by the patient in the waiting room, and it provides 
sufficient background on a patient’s vertigo. ONE is 
designed to be user-friendly and assists the user in 
many ways. By asking, the user can obtain additional 
information about the questions or the system itself. 
Every screen is accompanied by a help panel that 
assists the input of information. 
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Fig 1. Graphic display of scores for attack dura- 





tion in Meniere’s disease. 














Since it is rarely possible to offer all the informa- 
tion that the system asks for, ONE has been con- 
structed to work with incomplete information. The 
blank answers are taken into consideration in the 
reasoning process and are included in the reliability 
margins of the final result. 


REASONING 


The reasoning procedure of ONE has been imple- 
mented with a scoring scheme in which scores are 
determined for different diseases on the basis of the 
perceived symptoms and the results of clinical tests 
performed on the patient.’ For the reasoning process, 
patient history and the results of otoneurological tests 
are collected in the data base (Kentala et al, unpub- 
lished observations, 1994). The knowledge base of 
ONE comprises precise information on how symp- 
toms and otoneurological test results correspond to 
the diseases incorporated in the system. Certain diag- 
nostic criteria are set for each disease, and they have 
been taken from the literature and medical jour- 
nals.!9 For example, the full triad is required for 
diagnosing Meniere’s disease. The reasoning resem- 
bles the pattern recognition method. The ONE recog- 
nizes compatible diseases from the symptoms and 
signs that are given by the user. There are three partly 
independent factors used in reasoning: questions, 
weighted values, and scores. 


Questions. Questions are presented in various 
forms. Their answers can be strings, numbers in 
different combinations, and logical yes or no values. 
The numeric values are set separately for each ques- 
tion and can range from 0-4 to 0-100. With this 
variation we have increased the resolution quantities 
of the program. 


The questions have been divided into mandatory 














and supportive categories. Mandatory questions re- 
quire definite affirmative answers for a diagnosis, 
while supporting questions only suggest a disease. 
These properties were developed primarily to charac- 
terize diseases and secondarily to restrict the size of 
the search space in reasoning. 


Weighted Values. Every question has a weighted 
value for the possible diseases incorporated into 
ONE. The weighted values are stored in the knowl- 
edge base. They correspond to the significance of the 
question associated with a certain disease. The 
weighted values range from -5 to 80, and were 
experimentally derived from our data. Zero means 
that the answer does not concern the disease, positive 
values correlate with the disease, and negative values 
indicate that a particular disease is unlikely. The 
higher the weighted value, the more significant the 
question in the reasoning process for that disease. 


Scores. Points are set for every answer possibility 
for all diseases incorporated into the program. The 
more evidently some symptom or finding belongs to 
a certain disease, the more weight is given to this 
symptom. Graphic display is used in the scoring to 
illustrate better the linear and nonlinear correlations 
among the symptoms and diseases. A simple linear 
correlation can be seen in the strength of nausea with 
vestibular neuronitis. A more varying correlation is 
seen with attack duration in Meniere’s disease, for 
which both seconds-long Tumarkin-type attacks and 
attacks lasting hours give a high score, while interme- 
diately long attacks score much lower (Fig 1). The 
possible test results in otoneurological tests are dis- 
played graphically for the scoring of each disease. 
The values for the graphic displays have been devel- 
oped from information from an otoneurological ex- 
pert and the literature. 
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SHOULD BE ANSWERED, SINCE THEY ARE IMPORTANT 


IN DIAGNOSING THIS DISEASE: 


DERIVED VARIABLE ’ pathological CT or MRI’ 





The maximum number of points is the weighted 
value of the question. The scores are based on the 
diagnostic criteria of the disease. The probabilities of 
diseases do not affect the scoring or reasoning. 


Uncertainty in Reasoning. Unconfirmed diseases 
are first ruled out by the mandatory questions. When 
at least one necessary symptom or sign is missing, the 
disease in question is rejected. If d is a disorder or 
disease in ONE, and n(d) is the number of questions 
associated with din the query data base, the score S(d) 
of d can be defined as 


n(d) 
(1) S(d) = , Xi(d)Pi(d) 


i=] 


where Xi(d) is a logical variable equal to 1 if the user 
of ONE inputs an answer to the nth question; other- 
wise, Xi(d) is equal to 0; and Pi(d) is the score assigned 
to (i,d) by the knowledge base according to the 
answer input to the nth question, such that Pi(d) lies 
between the minimum and maximum values, Li(d) 
and Ui(d), respectively, which are determined by the 
weight and are also set by the knowledge base. Then 


n(d) 
(2) 0<S(d) s > Ui(d) 


i=] 


From the result panel it is possible to determine which 
question ruled out the rejected diseases. After the 
rejection, three scores are counted for the remaining 
diseases in order to handle uncertainty. The middle 
score is the result of computing the scores of all of the 
answered questions. Some of the questions could 
have been left unanswered, however. In such cases, 
ONE counts the answered questions normally, picks 


Rejected 


Fig 2. Result panel with most probable disease. 


the worst alternatives to the unanswered questions, 
and calculates the lowest of the three scores. For the 
highest score the best alternatives to the unanswered 
questions are picked. These three scores are normal- 
ized as 








n(d) 
2 (Xi(d)Pi(d) + (1-Xi(d))Li(d)) 
sd n(d) 
X Ui(d) 
i=] 
S(d) 
(3) s(d)= aH 
5 Xi(d)Ui(d) 
i=] 
n(d) 
5 (Xi(d)Pi(d) + (1-Xi(d))Ui(d)) 
(a) = = 
j n(d) 
2 Ui(d) 


where I(d) is the lowest score, s(d) is the main middle 
score, and u(d) is the highest score. Values /(d), s(d), 
and u(d) are all less than or equal to 1, according to 
inequality “2,” above (Auramo et al‘). 


If the lowest and highest scores differ greatly, more 
information (answers) is needed to make the reason- 
ing more certain. The reliability of inference in- 
creases as the difference between these two scores 
becomes narrower. If the highest score is below an 
earlier-set threshold level, the disease is not consid- 
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Fig 3. Result panel with excluded disease. 
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Result of Reasoning. Once all available informa- 
tion has been entered into the program, reasoning is 
initiated. The results are presented on one screen. The 
right-hand side shows the diseases that have been 
rejected and the number of questions that excluded 
the disease. The questions can be seen in detail on the 
screen with the help function if the user is interested 
(Fig 2). The left-hand side lists the diseases that 
would seem to be probable (Fig 3). The three scores 
are presented so that validity of the information can 
be judged. If the score margin is wide, the program 
can show what questions should have been answered 
for the reliability to increase. The disease with the 
highest score is the most obvious choice, but the other 
diseases listed on the left-hand side of the screen can 
also be considered. 


Validation. We have the following 18 diseases 
incorporated into the expert system: 1) acoustic neu- 
rinoma, 2) autoimmune disease, 3) benign paroxys- 
mal vertigo of childhood, 4) benign paroxysmal 
positional vertigo, 5) benign recurrent vertigo, 6) 
borreliosis, 7) brain stem ischemia, 8) chlamydia, 9) 
central nervous system tumor, 10) epilepsy, 11) 
Meniere’s disease, 12) neurovascular compression, 
13) ototoxicity, 14) perilymphatic fistula, 15) syphi- 
lis, 16) traumatic vertigo, 17) vestibular neuritis, and 
18) sudden deafness. These diseases include both 
central and peripheral causes of vertigo. We first tried 
to select diseases that are common in the general 
practitioner’s office and then completed the list with 
diseases that offer diagnostic challenges or scientific 
interest to an otolaryngologist. The goal of validation 
is to know how well the right diagnosis can be found 
by using ONE. We are collecting a data base on 


Fri 
re 
RFS 


otolaryngology patients from the University Hospital 
of Helsinki and intend to compare the expert system’ s 
diagnoses to those given by an otolaryngologist. So 
far, we have run only preliminary tests on 600 cases, 
but it appears that ONE detects both Meniere’s dis- 
ease and acoustic neurinoma with a high degree of 
accuracy. These two diseases represent the two large 
patient groups used by usin the preliminary test trials. 


DISCUSSION 


With most of the diseases incorporated into ONE 
the reasoning appears to function well, but we still 
have some difficulties. Temporal lobe epilepsy can 
rarely cause vertigo. The problem is not detecting it, 
but rather excluding it in the reasoning process. The 
expert system is practical because it can provide 
differential diagnostic possibilities even with incom- 
plete information. The more information given, the 
more reliable are the diagnostic choices. 


Earlier we also had diagnostic questions in addi- 
tion to mandatory and supportive questions. The 
diagnostic questions were removed after the prelimi- 
nary test, because the reasoning procedure ended if a 
positive answer to a diagnostic question appeared, 
and no scores for other diseases were counted. By 
removing the diagnostic questions, we have tried to 
increase the amount of information given to the user 
on all alternative diseases. It also emphasizes that the 
final diagnostic choice must be made by the user. 


Aging of Expert System. One problem with a medi- 
cal knowledge base is the constantly increasing amount 
of information. Newly recognized diseases, for ex- 
ample neurovascular compression, for which the 
diagnostic criteria are still prone to change or in- 
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crease, offer an additional challenge. The basic rea- 
soning method can remain the same, but the scoring 
must be evaluated and, if need be, then validated ina 
set time span in expert systems like ours. The valida- 
tion is easily done because the scores and weighted 
values are set independently for every question and 
disease. In other words, if a new diagnostic test 
appears for a disease, only the scoring of that test has 
to be validated. 


Reliability of Given Information. For ONE to work 
optimally, it is essential that the given information be 
reliable and correct, because the system has to rely on 
it. The accuracy of reasoning is partly dependent on 
the user’s ability to detect and identify correctly those 
case facts that are significant to the diagnosis. The 
presence of two (or more) diseases simultaneously or 
one major disease earlier may cause difficulties with 
the reasoning. It is essential that only symptoms 
associated with the present disease be given. The 
judging of symptoms is often impossible for the 
patient and can offer difficulties for the physician, 
too. Some elderly people can have hearing loss and 


tinnitus or both as a result of old untreated otitis, 
chronic noise exposure, or aging, and they can then 
suddenly experience vertigo with or without these 
symptoms. It is up to the user of the system to judge 
which symptoms are associated with the new vertigi- 
nous disease. For example, in traumatic vertigo, the 
beginning of symptoms has to match a head injury. 


Necessary questions are used to reject unlikely 
diseases. We have used, for example, tinnitus to 
reject certain diseases. While collecting the data 
base, we were surprised to find how many patients 
complain of tinnitus. Tinnitus can be vague and 
present in both ears. Even the patient may have 
difficulty in localizing it. It is a difficult symptom 
because it cannot be objectively verified. 


Concluding Remarks. We have been able to create 
an inference program that seems to suit decision- 
making in a complex medical field. Both patient 
history and otoneurological test results can be used in 
the reasoning. The system is useful both as a diagnos- 
tic aid and, with the hypertext function, as an educa- 
tional tool. 
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HIGH-RESOLUTION COMPUTED TOMOGRAPHIC EVALUATION OF 
THE COCHLEAR CAPSULE IN OTOSCLEROSIS: RELATIONSHIP 
BETWEEN DENSITOMETRY AND SENSORINEURAL HEARING LOSS 
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KERIM CERYAN, MD 


EMEL ADA, MD 
ATAMAN GUNERI, MD 
IZMIR, TURKEY 


Otosclerotic cochlear involvement is a rather frequent disease that has not been clearly understood in terms of diagnosis and 
management. Objective evaluation methods are needed to confirm the clinical diagnosis, investigate the relationship with hearing 
impairment, and validate the results of treatment. In this study two ear groups with bone conduction hearing loss (BCHL) were 
investigated with audiometry and high-resolution computed tomography (HRCT). In the first group (n = 22) the diagnosis of fenestral 
otosclerosis was confirmed at operation; the second group (n = 9) was composed of ears clinically suspicious for purely cochlear 
involvement. Additionally, a control group (n = 14) of otologically normal ears was also studied. Foci of demineralization were 
demonstrated in 58% of the ears in the two groups; the sensorineural hearing loss (SNHL) in those ears was significantly worse than in 
those with normal radiologic findings. Three methods of HRCT densitometry were used to determine the abnormal regions in the cochlear 
capsule; the results suggested that hypodense regions were consistent with a greater degree of SNHL, in contrast to the hyperdense ones 
in ears with better cochlear reserves. Agreement was found between the location of the density change and the frequency topography 
of the SNHL; densitometric values were correlated with the bone conduction thresholds for certain frequencies. It is concluded that the 
spongiotic foci are responsible for the SNHL, since there was a correlation between their location and the SNHL frequency. The 
determination of better hearing in those ears with sclerotic foci supports the hypothesis that the sclerotic phase may not be a healing 


process following the spongiotic phase, and that it can be the first stage of the disease. 
KEY WORDS — densitometry, high-resolution computed tomography, otosclerosis, sensorineural hearing loss. 


INTRODUCTION 


Otosclerosis is a hereditary disease of the otic 
capsule in which the mature lamellar bone of the 
endochondral layer is replaced with more cellular 
and vascular woven bone, Despite progress in under- 
standing the pathogenesis and advances in the surgi- 
cal treatment, there are several questions concerning 
the etiology, biochemistry, and histopathology of the 
disease. 


Otosclerotic cochlear involvement leads to pro- 
gressive sensorineural hearing loss (SNHL), espe- 
cially in advanced fenestral disease. In addition, there 
is a different clinical form, named cochlear otoscle- 
rosis, that primarily affects the otic capsule. 


The clinical diagnosis of otosclerotic cochlear 
involvement is established by excluding the other 
possible causes of SNHL. Similarly, the administra- 
tion, dosage, and maintenance of sodium fluoride is 
based on clinical and audiologic data. 


High-resolution computed tomography (HRCT) 
densitometry can be an objective approach, not only 
for the diagnosis, but also the evaluation of the 
disease following medical or surgical treatment in 
order to determine the changes in the extent and 
maturation of the process. 


In this study, the value of HRCT and density 
measurement methods in the diagnosis of otosclerotic 
cochlear involvement and the relationships between 
density change and SNHL are investigated by exam- 
ining densitometric and audiologic data. 


MATERIALS AND METHODS 


A total of 25 patients (31 ears) and 7 controls (14 
ears) were investigated in the Departments of Otolar- 
yngology and Radiodiagnostics of Dokuz Eyliil Uni- 
versity Medical School Hospital by audiometry and 
HRCT. The first group included 22 ears of 20 patients 
with a mixed hearing loss surgically treated by a 
small fenestra stapedotomy and Teflon prosthesis 
technique. The second group was composed of 9 ears 
of 5 patients with a progressive SNHL that could not 
be explained by other causes and was regarded as 
suspicious for cochlear otosclerosis depending on 
history and clinical and audiologic patterns. The 
absence of history and/or signs of previous otitis 
media or other identifiable causes of SNHL such as 
acoustic trauma, surgical trauma, sudden deafness, 
endolymphatic hydrops, and age younger than 35 
years were also regarded as inclusion criteria. The 
data of the 14 ears from 7 otologically normal patients 
were evaluated as controls. 


From the Departments of Otolaryngology (E. A. Güneri, Ceryan, A. Güneri) and Radiodiagnostics (Ada), Dokuz Eylül University Medical School, 


Izmir, Turkey. 





Fig 1. Histogram method. 


The air conduction thresholds and bone conduc- 
tion thresholds (BCTs) of both ears at 0.5, 1,2, and 4 
kHz were examined (AC 5 Digital Audiometry, Inter- 
acoustics). Preoperative BCTs were evaluated in the 
first group; those obtained before the HRCT exami- 
nation were studied in the second and control groups. 


A GE CT/Hi Light Advantage unit (General Elec- 
tric, Milwaukee, Wis) was used to obtain 1.5-mm- 
thick nonenhanced axial images using 1.5 mm colli- 
mation with a 0.25 mm pixel size and an extended 
gray scale to 4,000 Hounsfield units (HU; +3,000 to 
-1,000) for the radiodiagnostic evaluation of the 64 
ears in the patient and control groups. 


The HRCT evaluation was conducted in two ways: 
visual evaluation and HRCT densitometry. The den- 
sitometric methods were classified into a histogram 
method and two topographic methods. The topograph- 
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ic methods were modified from those described by 
Valvassori and Dobben! and De Groot and Huizing.? 


Histogram Method. The mean, maximum, and 
minimum densities and the frequency of the pixels 
having a density of 2,000 HU were obtained on an 
axial cut exposing all cochlear turns (Fig 1). The 
minimum density was believed not to represent the 
minimum density of the bony otic capsule and was 
excluded from the study, since it showed variations 
due to labyrinthine fluids and air in the middle ear 
cavity. The 2,000 HU pixel frequency (PF) was 
regarded as the number of pixels in the area having 
the normal bony otic capsule density of 2,000 HU. 


Densitometric Profile Method. Densitometric val- 
ues of 15 points on an inferior axial cut exposing the 
basal coil and round window niche, and 20 points on 
a superior axial cut passing from the modiolus and 
exposing all three cochlear coils, were obtained in a 
manner similar to that described by Valvassori and 
Dobben.! The first 15 points topographically re- 
flected the radiodensity of the basal coil region; 
points 15 to 25, of the middle coil; and points 25 to 35, 
of the apical coil (Fig 2). 


The densitometric values of the 35 points obtained 
from the control group were graphically constructed 
as a normal otic capsule densitometric profile, and 
the values obtained from the patient group of ears 
were evaluated accordingly (Fig 3). 


Four-Point Densitometry Method. The densitomet- 
ric values of 6 standard points on an axial cut expos- 
ing all cochlear turns were measured as described by 
De Groot and Huizing? (Fig 4). The data of point 5, 
located medially near the middle ear, and point 6, 
located laterally near the internal acoustic meatus, 
were excluded from the study, since the partial vol- 





Fig 2. Densitometric profile nehod. A) DETSE cut. t B) Inferior cut. 
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ume averaging effects prevented obtaining represen- 
tative data of the bony otic capsule in those locations. 


Student’s t-test was used in the statistical analysis 
of the data; simple linear regression analysis was 
used to determine the correlation coefficient (R) 
between each densitometric parameter and the BCTs 
for different frequencies. 


RESULTS 
VISUAL EVALUATION 


The visual evaluation of the control group scans 
demonstrated a regular pattern in all cases. In the first 
patient group, 8 ears (36%) had normal otic capsules, 
but 14 ears (64%) had radiolucent areas representing 
demineralization activity. In the second group, 5 ears 
(55%) had normal otic capsules, and 4 ears (45%) had 
radiolucent areas. 


Since it appeared that the ears with radiolucent 





Fig 4. Four-point densitometry method. 


areas had elevated thresholds, the BCTs for 0.5, 1, 2, 
and 4 kHz and the average of the four frequencies 
were statistically analyzed in order to compare the 
radiolucent ears with those considered visually nor- 
mal. In the first group, the differences between the 
BCTs of visually positive and visually negative ears 
were not statistically significant for any of the fre- 
quencies tested (p > .05). The BCT elevations for 1, 
2, and 4 kHz and the average of the four frequencies 
were found to be significant in the visually positive 
ears of the second group (p < .05). When all 31 ears 
in the two patient groups are considered together, the 
BCTs for 1, 2, and 4 kHz and the average of the four 
frequencies were also found to be significantly el- 
evated in those 18 ears that were labeled as visually 
positive (p < .05). 


HRCT DENSITOMETRY 


Histogram Method. The parameters of the histo- 
gram method obtained from the control and patient 
groups are shown in Table 1. The results of the 
statistical analysis revealed that the mean value was 
higher in the second group (p < .05), the maximum 
value was higher in both groups (p < .05), and the 
2,000 HU PF value was lower in both groups than in 
controls (p < .05). 


The BCTs of the ears in the second group with a 
mean value higher than 1,469 HU (control group 
average + SD) were evaluated and found to be signifi- 
cantly better for 0.5, 1, 2, and 4 kHz and the average 
of the four frequencies compared with the rest in that 
group (p < .05). 


The BCTs of the ears in both groups with a maxi- 
mum value higher than 2,244 HU (control group 
average + SD) were evaluated and it was found that 
they had significantly better thresholds for 2 and 4 
kHz and the average of the four frequencies in the first 
group (p < .05), and for all the frequencies tested in 
the second group (p < .05). 
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TABLE 1. AVERAGE AND STANDARD DEVIATION 
OF HISTOGRAM METHOD PARAMETERS 


2,000 
Mean Maximum HU PF 
Controls (n = 14) 1,357 2,191 84 
+112 + 53 + 28 
Surgically confirmed 1,414 2,292 50 
otosclerotic ears +91 + 110 + 34 
(n = 22) 
Ears clinically 1,525 2,304 37 
suspicious for + 157 + 107 + 30 
otosclerotic cochlear 


involvement (n = 9) 
HU — Hounsfield unit, PF — pixel frequency. 


When the BCTs of the ears in both groups in which 
the 2,000 HU PF value was lower than 56 (control 
group average — SD) were evaluated, it was found 
that those ears with alower 2,000 HU PF value did not 
have a significantly different (p > .05) BCT from the 
rest of the first group; but they had a significantly 
better (p < .05) BCT for all the tested frequencies in 
the second group. 


Densitometric Profile Method. As shown in Fig 3, 
the normal cochlear capsule radiodensity is 1,000 HU 
in the anterior basal turn and round window regions, 
1,800 HU in the oval window region, and 2,000 HU 
in the remaining regions. The densitometric values of 
the first 5 points, located around the round window, 
and.points 25 to 35, located around the oval window, 
were found to show variations due to the partial 
volume effect. To obtain normal limits for each point; 
a value higher than the average control measurement 
+ SD was considered increased and a value lower 
than the average control measurement - SD was 
considered decreased. 


In an effort to identify cochlear involvement pat- 
terns, the densitometric value of each standard point 
in all ears of the two patient groups was investigated 
to find out the frequency and location of abnormal 
densities. The result showed that none of them had a 
normal set of 35 points, and there were multiple 
increased and/or decreased values enabling us to 
identify hypodense, hyperdense, and mixed involve- 
ment patterns occupying the basal, middle, and apical 
regions or a combination of them. 


On the basis of the knowledge that the vibration 
amplitudes of higher tones are located in the basal 
turn, and increasing frequency selectivity toward the 
apex, it seemed that there was aconcordance between 
the frequency of the SNHL and the location of abnor- 
mal densitometric points. 


Four-Point Densitometry Method. The parameters 
are shown in Table 2. The results of the statistical 
analysis revealed that the value of point 1 was signifi- 


TABLE 2. AVERAGE AND STANDARD 
DEVIATION OF FOUR-POINT DENSITOMETRY 


METHOD PARAMETERS 
Point Point Point Point 
I 2 3 4 
Controls (n = 14) 1,992 1,916 1,991 1,953 


+179 +114 +128 +348 


' Surgically confirmed 1,840 1,965 1,902 1,864 


otosclerotic ears +339 +230 +262 +460 
(n = 22) 


Ears clinically 2,125 2,054 2,141 2,009 
suspicious for +202 +298 +172 +108 
otosclerotic cochlear 


involvement (n = 9} 


cantly lower (p < .05) in the first group, and that of 
point 3 was significantly higher (p < .05) in the 
second group, compared with controls. The differ- 
ences from the control group were not significant (p 
> .05) for point 2 or point 4 in either group. 


The BCTs of the first group ears with a point 1 
value lower than 1,813 HU (control group average — 
SD) were investigated and found to be significantly 
elevated (p < .05) for 1 kHz compared with the rest. 
When the BCTs of the second group ears with a 
density of point 3 higher than 2,119 HU (control 
group average + SD) were evaluated, they were found 
to be significantly better for 0.5, 1, 2, and 4 kHz and 
the average of the four frequencies compared with 
other ears in that group. 


The correlations between the densitometric pa- 


‘rameters and the BCTs for different frequencies were 


found to be low in the first group but high in the 
second group. For the histogram parameters, the 
highest R was between mean and 2 kHz (.47) in the 
first group and between maximum and 4 kHz (. 88) in 
the second group. When the four densitometric points 
were considered, the highest R was between point 1 
and 0.5 kHz (.59) in the first group; the strongest 
correlation in the second group was between point 3 
and 2 kHz (.85). The results suggest that each point 
correlated with the frequency topographically con- 
sistent with its location. 


DISCUSSION | 
Itis generally believed that the cause of the SNHL 


is the spiral ligament hyalinization resulting from the 


toxic effects of the enzymes liberated by the oto- 
spongiotic focus*-‘; the hyalinization has been felt to 
provide an indication of the amount of toxic enzymes, 
since there is a positive linear relationship between 
the amount of hyalinization and the magnitude of the 
SNHL.° 


Although both stages of the disease could be found 
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solely or simultaneously in the same focus, absence 
of hyalinization adjacent to the sclerotic stage lesions 
suggests that they were sclerotic from the onset and 
not preceded by spongiotic lesions.? This finding 
questions the long-held belief that maturation of the 
spongiotic lesions with ossification is the final scle- 
rotic stage of the disease. 


The clinical diagnosis of otosclerotic cochlear 
involvement was formerly confirmed by demonstrat- 
ing otic capsule demineralization by means of poly- 
tomography,”-* but modern imaging techniques such 
as HRCT, and especially densitometry, stimulated a 
new effort to quantify changes related to the oto- 
sclerotic process. 


With the higher density resolution brought about 
by HRCT, otospongiosis affecting the otic capsule 
can be demonstrated as hypodense bony rarefaction 
areas ranging from small, isolated foci to diffuse 
demineralization with complete contour dissolu- 
tion.”"? Generally, a normal layer of cortical bone 
exists between the pericochlear spongiotic area and 


the cochlea, giving the classic double-ring appear- 
ance. }:2,6,10,1 1 


Sclerotic foci are more difficult to demonstrate, 
since they must have a different density and large size 
in order to be visualized.}! It is generally considered 
that the otic capsule has the maximal bony density 
. andcannot become more dense with the apposition of 
new bone; a sclerotic lesion can be identified as an 
area of irregularity or thickness of the capsule. 142-11 


Surgically confirmed fenestral otosclerosis with a 
progressive SNHL presumably caused by cochlear 
involvement may have a normal otic capsule HRCT 
image. While the cause is the difficulty in discerning 
the density of the sclerotic foci from the normal otic 
capsule in most cases, it is possible that some patients 
may not undergo an otospongiotic demineralization 
phase. 1,2,4,10 


The reported series of surgically confirmed oto- 
sclerotic ears with progressive mixed hearing loss or 
SNHL indicate a 12% to 100% incidence of HRCT 
signs consistent with otosclerotic cochlear involve- 
ment.!:2:46,12 Swartz et alf reported 20 ears with 
positive HRCT signs of otic capsule involvement in 
which the frequency of SNHL was correlated with 
the location of demineralizing foci. In a series of 24 
ears, Blakeley et al!° reported that the average BCTs 
for 0.5, 1, and 2 kHz of the ears with santral lucencies 
paralleling the cochlea were not significantly differ- 
ent from the rest. 


In this series there were positive HRCT findings in 
64% of the ears in the first group, in which the 


diagnosis was confirmed at the operation. There were 
positive HRCT signs in 45% of the ears in the second 
group, which included those ears clinically suspi- 
cious forcochlear otosclerosis with progressive SNHL 
unrelated to other conditions. 


It is noteworthy that the densitometric parameters 
obtained from the ears in the second group indicated 
higher densities. The mean, maximum, and 2,000 HU 
PF parameters of the histogram method were all 
consistent with a significantly hyperdense otic cap- 
sule compared with the control and first groups. 
Similarly, the four-point densitometry method re- 
vealed a significantly higher density of point 3 com- 
pared with controls. The densitometric profile of the 
second group showed a predominance of higher 
density values as well. The relatively low incidence 
of radiolucencies detected by HRCT was believed to 
reflect the difficulty in demonstrating the sclerotic 
phase of the disease solely by visual evaluation. On 
the other hand, densitometric findings suggested the 
possibility of an increase in the normal otic capsule 
density with sclerotic lesions. | 


The normal otic capsule density is about 2,000 HU 
and shows little variation; partial volume averaging 
effects due to the proximity of the middle ear and 
internal acoustic meatus influence the measurements 
obtained from thin capsule areas.1>13 The radiodensity 
of otospongiotic foci demonstrates 20% to 50% at- 
tenuation compared with normal cortical bone*®7; 
densitometry can quantitatively determine early dis- 
ease, while visual evaluation can only detect radio- 
logic attenuations greater than 200 HU.213 Densi- 
tometry with HRCT has been shown to detect oto- 
sclerotic cochlear involvement in 50% of ears with 
a mixed hearing loss. Valvassori and Dobben! re- 
ported that HRCT densitometry could demonstrate 
cochlear involvement in all patients with SNHL in 
addition to surgically confirmed fenestral disease. 
Damsma et aló and De Groot and Huizing? reported 
that densitometry was able to disclose cochlear in- 
volvementin 18% of surgically confirmed otosclerotic 
ears; they also showed that there was a positive 
correlation between the location of hypodense foci 
and hearing perception within the cochlea. While the 
methodology was different in the two series, both 
found that the sign of otosclerotic cochlear involve- 
ment was radiologic attenuation and that the otic 
capsule could not become more hyperdense with 
otosclerotic bone apposition. 


The data in this series indicate possibly hyperdense 
or mixed involvement patterns more likely to be 
consistent with the histopathologic features of the 
disease; these findings also indicate that the sclerotic 


phase can be demonstrated as an increase in the 
radiologic density in addition to thickness, 


CONCLUSIONS 


High-resolution computed tomography densitom- 
etry should be considered not merely a diagnostic 
method but also an objective approach for the evalu- 
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ation of otosclerosis after medical or surgical treat- 
ment. Since there is a topographic correlation be- 
tween the densitometric parameters and BCTs for 
different frequencies, the results of therapy may be 
objectively evaluated by considering both. densito- 
metric and audiologic data obtained before and after 
treatment. 
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DIZZINESS AND BALANCE DISORDERS 


The Eighth Annual Interdisciplinary Seminar on Diagnostic and Rehabilitative Aspects of Dizziness and Balance Disorders will be 
held December 4-7, 1996, in Denver, Colorado. For further information, contact Jane Wells, MA, 1996 Balance Meeting, 300 E Hampden 
Ave, Suite 401, Englewood, CO 80110; telephone (303) 788-4235; fax (303) 788-4234. 
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SOFTWARE REVIEW 
ADULT AIRWAY MANAGEMENT PRINCIPLES AND TECHNIQUES 


Re: Multimedia CD-ROM review, “Adult Airway Management Principles and Techniques,” Rafael 
A. Ortega, MD, and Harold Arkoff, MD, Department of Anesthesiology, Boston University Medical 


Center. 


Company: Silver Platter Education, Inc, 100 River Ridge Dr, Norwood, MA 02062-5043. Telephone 


(800) 343-0064. 
Price: $175. 


This interactive educational CD-ROM runs on 
either a Macintosh or a Windows based personal 
computer. It requires a CD-ROM player and a sound- 
board. The authors have put together an excellent 
CD-ROM incorporating multimedia including ex- 
cellent photographs, diagrams, audio descriptions, 
and video clips on topics of airway management. The 
subjects include sections on anatomy of the airway, 
management of foreign bodies, and types of endotra- 
cheal tubes and laryngoscopes. The techniques are 
demonstrated for all the basic aspects of placement of 
endotracheal tubes of various kinds, including laryn- 
geal mask, establishing proper positioning of the 
endotracheal tube with audio and video and graphical 
descriptions. It includes a section on syndromes and 
anomalies that describes the various syndromes and 
how they may be difficult from the point of view of 
establishing an airway; however, no use is made of 
video in this section, and many of the syndromes did 
not have a picture of an involved individual. The 
installation was very straightforward and it ran very 
well on a Windows based system. There is a video 
browser included so that the user can jump right to 
videos covering how to mask-ventilate, use of a pulse 
oximeter, spirometry, suctioning, etc. 


The user is presented initially with a list of topics, 
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and each topic is covered in pages with the ability to 
access a notepad or view the text of the audio descrip- 
tion. Every page in every chapter is annotated by 
audio description by a professional annotator. Navi- 
gating through the system is self-evident because of 
arrows and text-labeled buttons. The user can take an 
examination for continuing medical education cred- 
its. Itis possible to capture or print individual screens. 
It is also possible to zoom a video or diagram to view 
details in the larger format according to the capabili- 
ties of one’s system. An appendix is included with 
references that can be printed. 


The topics are certainly relevant to otolaryngolo- 
gists in terms of the basic techniques for intubation, 
management of the airway in patients under any type 
of general anesthetic, and an understanding of the 
monitoring equipment that is available in the operat- 
ing room. This should be a required CD-ROM for 
beginning residents in otolaryngology—head and neck 
surgery. It is presented with very appealing, sophis- 
ticated, relevant graphics and is very easy to use. It is 
also approved for 4 Category 1 credit hours of the 
Physician’s Recognition Award of the American 
Medical Association. I give this CD-ROM a very 
high rating. 

KEITH F. CLARK, MD 
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IMAGING CASE STUDY OF THE MONTH 


METASTATIC BREAST CARCINOMA PRESENTING AS 
CAVERNOUS SINUS SYNDROME 


MATTHEW W. RYAN, MD 


CHRISTOPHER H. RASSEKH, MD 


GREGORY CHALJUB, MD 


GALVESTON, TEXAS 


INTRODUCTION 


Patients with cranial nerve palsies caused by skull 
base disease can present a diagnostic challenge. The 
cavernous sinus in particular may be affected by a 
variety of pathologic processes, Computed tomog- 
raphy (CT) and magnetic resonance imaging (MRI) 
greatly improve our ability to diagnose these condi- 
tions, but skull base imaging alone is not always 
diagnostic, and other clues from the history and 
physical examination may be needed to make the 
diagnosis. We report a case in which skull base 
imaging helped make the diagnosis of metastatic 
breast carcinoma in a patient presenting with the 
cavernous sinus syndrome. 


CASE REPORT 


A 49-year-old woman was referred to the Univer- 
sity of Texas Medical Branch Otolaryngology Clinic 
complaining of a 6-month history of diplopia and 
recurrent right retrobulbar headaches. At an outside 
hospital the patient had undergone CT and MRI that 
showed a skull base mass of the upper and middle part 
of the clivus consistent with chordoma. The patient’s 
past medical history was unremarkable. The physical 
examination revealed right-sided cranial nerve defi- 
cits: mild ptosis, abducens paralysis, a decreased 
corneal reflex, and decreased sensation in the distri- 
bution of the first and second divisions of the trigemi- 
nal nerve. The findings on head and neck examina- 
tion (including visual acuity) and neurologic exami- 
nation were otherwise unremarkable. 


The CT with contrast performed at our hospital 
showed a partially enhancing mass within the middle 
to upper clivus, invading the right cavernous sinus 
and destroying large areas of bone (Fig 1). The MRI 
showed a heterogeneous enhancing mass (with use of 
gadopentetate dimeglumine contrast) with its epicen- 


ter in the clivus, extending into the right cavernous 
sinus and pituitary fossa (Fig 2). The right cavernous 
carotid was encased and compressed (Fig 2). The 
lesion abutted the left cavernous carotid and the optic 
chiasm, but did not impinge on these structures. 


In this case, careful review of systems by the 
otolaryngologist raised the suspicion of breast can- 
cer, and the patient was referred to the gynecology 
clinic. Examination there revealed a 3.5 x 3.5-cm 
right retro-areolar breast mass. Fine needle aspiration 
of the mass was positive for adenocarcinoma. Neuro- 
surgery consultation was obtained, and the cranial 
base team decided that surgery, including needle 
biopsy of the skull base mass, would not be per- 
formed because of the poor prognosis. The patient 
was started on steroids and referred to the medical — 
oncology and radiation oncology departments, but 
died before any other treatment could be instituted. 
Permission for autopsy was denied. Although patho- 
logic confirmation of the skull base lesion was not 
obtained, we believe the skull base mass represented 
metastatic breast carcinoma. 


DISCUSSION 


Cavernous sinus syndrome (also called parasellar 
syndrome or painful ophthalmoplegia) is caused by 
disruption of the cranial nerves of the parasellar 
region. Patients typically present with facial pain or 
headaches and paresis of cranial nerves III through 
VI.! The syndrome may be caused by a variety of 
neoplastic, infectious, inflammatory, or vascular con- 
ditions.!-6 The mode of symptom onset and pattern of 
neurologic deficit are generally not helpful in deter- 
mining the cause.” Therefore, CT and MRI are often 
required to make the correct diagnosis. 


The CT and MRI findings of our patient were 
consistent with chordoma, chondrosarcoma, or meta- 
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Fig 1. Computed tomograms. A) Axial bone window 
image, showing extensive destruction of clivus (arrows) 
and eroded right sphenoid (arrowhead). B) Coronal bone 
window image, showing destruction of skull base with 
extension into right temporal bone (arrow). C) Enhanced 
coronal image, showing cavernous sinus involvement 
by soft tissue mass with bone destruction indicating 
tumor. Note how lateral wall of right cavernous sinus 
bulges laterally (arrow). 





static tumor. Chordoma (which accounts for less than 
1% of all intracranial tumors’) appears as an enhanc- 
ing soft tissue mass with bone destruction and com- 
monly contains calcifications or fragments of eroded 





Fig 2. Coronal post-gadolinium magnetic resonance im- 
age showing right cavernous carotid artery encasement by 
tumor (arrow) and abnormally convex lateral wall (arrow- 
head). 


bone.® The skull base is involved in 35% of cases of 
chordoma, and about half of these involve the cli- 
vus.”®10 Chondrosarcoma (which accounts for less 
than 0.16% of all intracranial tumors!!) is difficult to 
distinguish radiologically from chordoma. The tu- 
mor appears as a heterogeneously or partially en- 
hancing soft tissue mass with a polymorphous calci- 
fied matrix that has been described as flecks, clumps, 
rings, or eggshells.!012-14 Frequently, erosion or de- 
struction of bone without a periosteal reaction is seen, 
and a sharp zone of transition to normal tissue can be 
discerned.!° In a series with 16 cases of chordoma 
and 9 cases of chondrosarcoma in the clivus, Oot et 
al!5 found no imaging features to distinguish the two 
by CT or MRI. 


Hematogenous metastases to the skull base are 
more prevalent than primary tumors,!® and breast 
cancer is the most common source.*:!9!7 Other com- 
mon metastases to the skull base are from lung, 
kidney, and prostate cancers. All are seen as lytic 
bone destruction on CT, with or without a soft tissue 
mass, except for metastases of prostate cancer, which 
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tend to cause an osteoblastic reaction.!6 Metastatic 
tumors appear hyperintense relative to adjacent bone 
marrow on T2-weighted MRI. T1-weighted images 
may show replacement of normal bone marrow by 
material of decreased signal intensity.!° Newer imag- 
ing techniques such as short tau inversion-recovery 
(STIR), fast spin-echo, and inversion-recovery fast 
spin-echo have been described in imaging vertebral 
metastases, 181? bone tumors,” and other bone mar- 
row disorders! and may be expected to improve the 
diagnostic power of skull base imaging in the near 
future. 


In 1970 Thomas and Yoss? published a series of 
102 patients with “parasellar syndrome.” They re- 
ported 8 cases that were due to metastatic breast 
carcinoma. In another series,! breast carcinoma was 
the most common cancer to metastasize to the skull 
base, Seventeen of 43 patients with skull base me- 
tastasis had breast cancer; 2 of these patients devel- 
oped cavernous sinus syndrome. Other common pri- 
mary sites in both series were lung, head and neck, 
kidney, and prostate. Hall et al?? reviewed the records 
of 7,725 breast cancer patients treated at The M. D. 


Anderson Hospital from January 1971 to April 1978. 
They reported 8 cases of cranial nerve palsies due to 
skull base metastasis. Three of these patients had 
palsies of cranial nerves III and/or VI. We were 
unable to identify in the literature any prior case in 
which cavernous sinus syndrome was the presenting 
feature of undiagnosed breast cancer. 


The cavernous sinus syndrome may be caused by 
a variety of pathologic processes. Unfortunately, the 
history and neurologic examination are frequently 
not helpful in differentiating among them. Both CT 
and MRI are essential in narrowing the differential 
diagnosis and defining the extent of the lesion, but 
they are not always diagnostic. In our case, CT was 
better at demonstrating cortical bone destruction, but 
MRI was better at defining the full intracranial extent 
of tumor. This is consistent with previous reports by 
other authors.” While newer imaging sequences 
may soon improve the diagnostic capability of MRI 
of the skull base, our case illustrates that a thorough 
history including a review of systems and a thorough 
physical examination are required to make a correct 
diagnosis and avoid unnecessary surgical procedures. 
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INTRODUCTION 


Hypopharyngeal dilatation in musicians is not 
uncommon, but itis usually mentioned secondarily to 
laryngoceles as sequelae from increased pharyngeal 
pressure. A marked dilatation of the hypopharynx is 
not to be confused with a hypopharyngeal pharyn- 
gocele, although both are thought to result from 
forceful exhalation or inflation of the pharynx.!? 
Here is presented a case of marked hypopharyngeal 
dilatation in a trumpet player, along with its conser- 
vative management. 


CASE REPORT 


A 19-year-old male trumpet player reported a 
several-year history of intermittent anterior neck 
swelling. This neck swelling, which occurred only 
while he was playing the trumpet, had increased in 
severity over the preceding year and was now accom- 
panied by cervical pain and transient dysphagia to 
solids. 


Symmetric anterolateral neck swelling without 


Fig 1. Radiographs of neck with patient at 
rest. There is no indication of anatomic 
abnormality. A) Anterior. B) Lateral. 


crepitus was observed when he played a trumpet that 
he had brought with him to clinic. Identical findings 
were readily demonstrated on physical examination 
during a modified Valsalva’s maneuver. Flexible 
fiberoptic transnasal pharyngolaryngoscopy demon- 
strated a pharyngeal mucosa that was normal-appear- 
ing but had an abnormally capacious inflatability. 


Anterior and lateral cervical films were obtained, 
both with the patient in repose (Fig 1) and with him 
performing a modified Valsalva’s maneuver (Fig 2). 
A markedly distensible air-filled pharynx was noted, 
with no extravasation of air into the soft tissues. 
There was no evidence of a laryngocele. 


The patient had no evidence, either clinically or by 
history, of a connective tissue disorder. He was 
advised to 1) seek professional instruction in order to 
improve his technique, 2) strengthen his neck through 
exercise, and 3) carefully apply an Ace bandage 
around his neck for external cervical compression 
during trumpet playing. 


He followed these suggestions, with the exception 
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Fig 2. Radiographs of neck taken while 
patient performed modified Valsalva’s 
maneuver. Symmetric distensibility of 
hypopharynx is illustrated. Arrows — 
area of inflated hypopharynx, arrowheads 
— distended pyriform sinuses. A) Ante- 
rior. B) Lateral. 


A 


that he substituted a folded bandanna for the Ace 
bandage around his neck. On follow-up examination, 
2 and 6 months later, he noted diminution in both 
neck bulging and pain with trumpet playing. He has 
subsequently relearned correct breathing and embou- 
chure under the tutelage of a professional concert 
musician. Since adopting the corrected techniques, 
he has had no further problems. 


DISCUSSION 


The pressures necessary for playing wind instru- 
ments can be quite high. In playing the trumpet, 
mouthpiece pressures greater than 100 psi are fre- 
quently exceeded as pitch and intensity are increased.3 
With their better techniques, however, skilled trum- 
peters can play with much less force than those less 
proficient.? 


It is not unusual that some neck expansion occurs 
during trumpet playing.! Consensus among profes- 





Fo 





sional wind instrument players, however, is that this 
expansion is usually asymptomatic. ! 


Treatment of this patient initially involved careful 
wrapping of the neck before instrument playing. 
Wrapping can provide external compression against 
which the increased pharyngeal pressures are braced. 
Neck muscle strengthening exercises are also felt to 
structurally stabilize the pharyngeal column, thus 
reducing the likelihood for lateral dilatation. 


The patient was also referred for a professional 
review of his breathing and trumpet-playing tech- 
niques. Professional instructors can make recom- 
mendations and work with the musician to reduce the 
playing force, correct breathing problems, and im- 
prove overall playing proficiency. If these efforts 
fail, playing force may still be reduced by enlarging 
the mouthpiece, which may require a change to a 
different musical instrument. 
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PATHOLOGY CONSULTATION 
PHARYNGEAL HYPOPHYSIS 


GREGORY N. FULLER, MD, PHD 


JOHN G. BATSAKIS, MD 


HOUSTON, TEXAS 


Derived from embryologic remnants of Rathke’s pouch and its craniopharyngeal duct, the pharyngeal hypophysis has long been 
considered to be present in all humans. This thesis has been recently challenged, but the weight of investigative evidence still favors the 
original premise. The pharyngeal hypophysis is just one product of Rathke’s pouch. Others are extracranial pituitary tumors, the very 
rare craniopharyngioma, pharyngeal hypopharyngeal cysts, and cerebrospinal fluid rhinorrhea. 


The anterior pituitary gland (adenohypophysis) 
derives from the ectoderm of the stomodeum as a 
pseudo-invagination caused by proliferation of sur- 
rounding mesenchyme and the folding of the embryo 
during the third and fourth weeks of gestation.! This 
rostral outpouching of the primitive oral cavity, called 
Rathke’s pouch, passes up through the future site of 
the body of the sphenoid bone (via the craniopha- 
ryngeal duct) to the sella turcica, where it combines 
with the infundibular process of the neural tube, 
giving rise to the anterior lobe, pars tuberalis, and 
pars intermedia of the pituitary gland.” Obliteration 
of Rathke’s pouch and the craniopharyngeal duct is 
said to be complete by the 12th week of gestation.3 


PHARYNGEAL HYPOPHYSIS 


The thoroughness of the obliteration is, however, 
questioned by the findings of McGrath.*7 In exten- 
sive studies, she has shown that a functioning pharyn- 
geal hypophysis is found in everyone. Furthermore, 
she has demonstrated a size-volume variability of the 
extracranial hypophysis with sex and age and also 
that every hormone elaborated by the sellar hypophy- 
sis is found in the pharyngeal gland. 


The human pharyngeal hypophysis is an elongated 
body in the mucoperiosteum of the roof of the naso- 
pharynx, with its long axis lying in the midsagittal 
plane (Fig 146). An anterior oblique part passes 
deeply and posteriorly from the epithelial surface, 
through the seromucous gland layer, into a larger 
horizontal part that extends posteriorly in the perios- 
teum covering the body of the sphenoid’s inferior 
surface. After a survey of 133 so-located hypophy- 
ses, McGrath*5 gave the following maximum dimen- 
sions of the pharyngeal hypophysis: length 9.6 mm, 
width 1.5 mm, depth 1.0 mm, and volume 1.2 mm3. 


Histologically, the pharyngeal hypophysis has a 
poorly defined capsule and a cellular constituency 


(chromophobe, acidophil, basophil) in approximately 
the same proportions as the sella’s anterior pituitary.4 
In necropsy studies, the site of the pharyngeal hy- 
pophysis can be pe only by collections of 
squamous cells.” 


If the pharyngeal hypophysis is in all of us, why is 
it that surgical pathologists do not find it in adenoid- 
ectomy specimens? Richards and Evans? tentatively 
concluded that routine adenoidectomy does not en- 
compass the hypophysis, but that so-called radical 
adenoidectomy is capable of so doing. 


CRANIOPHARYNGEAL CANAL 


An occasionally seen (magnetic resonance and 
computed tomography scan images) bony canal in 
the sphenoid, called either the craniopharyngeal ca- 
nal or the intrasphenoidal canal, has been suggested 
as the route of the craniopharyngeal duct from the 
pharynx to the sella turcica.!9 More than that, its 
presence serves as a basis to deny much of McGrath’s 
work. 
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Fig 1. Schematic showing location of pharyngeal hy- 
pophysis in humans (as described by McGrath**), 
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blastoma-like structure and hyalinized extracellular masses 
(H & E, original x120). 


In normal perinatal development of the cranial 
base, the sphenoid synchondrosis and the spheno- 
basilar synchondrosis are active growth sites.? The 
two synchondroses are oriented in the same direction 
as the intersphenoidal canal, and when the latter is 
present, it is located in the postsphenoid bone be- 
tween the two synchondroses.? The canal seemingly 
connects the cerebral cranial base region with the 
pharyngeal cranial base region. 


According to Kjaer and Fischer-Hansen,! the canal 
is a pathologic finding and its presence indicates the 
presence of pharyngeal pituitary tissue. These inves- 
tigators found neither pharyngeal pituitary tissue nor 
canals in normal fetuses.!? They also postulate that 
pharyngeal pituitary tissues may be implicated in 


various degrees of craniofacial malformations in the 
region where interactions among ectoderm of the 
embryonic pharynx (adenohypophysis), neuroecto- 
derm (neurohypophysis), and mesoderm (sella turcica) 
take place. 


DISORDERS OF EXTRACRANIAL RATHKE’S 
POUCH AND RELATED STRUCTURES 


Disorders related to the pharyngeal hypophysis, 
remnants of Rathke’s pouch or duct, and the intra- 
sphenoidal canal are rare and may be classified into 
three categories: 1) neoplasms, 2) cysts, and 3) pa- 
tency of the canal. 


Extracranial pituitary adenomas have already been 
presented in this Pathology Consultation series!9; 
craniopharyngiomas have not. Craniopharyngiomas 
comprise about 3% of all intracranial tumors and are 
usually found below the brain and above the pituitary, 
behind the optic chiasm and within the circle of 
Willis. Intrasellar craniopharyngiomas are quite un- 
usual, and an intrasphenoidal or pharyngeal location, 
unrelated to downward extension of an intracranial 
tumor, is exceedingly rare (Fig 2). Lewin et al? crit- 
ically reviewed earlier reports of craniopharyngiomas 
in the nasopharynx and accepted only one as primary 
at that site. 


The incidence of cysts in the pharyngeal hypophy- 
sis is considerably lower than that of cysts in the sellar 
hypophysis. Like nearly all Rathke’s cleft cysts, 
those in the pharynx are asymptomatic.®!! 


Cerebrospinal fluid rhinorrhea can occur with a 
persistent patency of the intrasphenoidal canal.3 
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ULTRASTRUCTURAL STUDY OF PERIPHERAL NERVE INJURY 
INDUCED BY MONOPOLAR AND BIPOLAR DIATHERMY 


YUVAL ZOHAR, MD, DDS 
MICHAEL STRAUSS, MD 


RIMA SADOV, MD 
MEIR DJIALDETTI, MD 


PETAH-TIQVA, ISRAEL 


The effect of unipolar and bipolar electrocoagulation on human and albino rat peripheral nerves was examined by transmission 
electron microscopy. The greater auricular nerve obtained from operated patients and the femoral nerve of an albino rat were chosen for 
this study. The nerves were divided into three groups: controls, segments of nerves spot-coagulated with unipolar instruments, and 
segments of nerves spot-coagulated with bipolar instruments. Significant cell injury, expressed by marked damage of the Schwann cells, 
was induced by unipolar coagulation in both myelinated and unmyelinated nerves, in humans as well as in the albino rat. However, in 
bipolar-treated nerves, the Schwann cell architecture remained well preserved in both types of nerves. The results are in favor of bipolar 
electrocoagulation when applied in areas rich in neurovascular supplies. 


KEY WORDS — bipolar coagulation, electrocoagulation, electron microscopy, peripheral nerve, unipolar coagulation. 


INTRODUCTION 


From surgery’s beginnings and well into the 19th 
century, a cautery heated over a bed of hot coals was 
regularly applied to control hemorrhage. Rapid co- 
agulation, resulting in decreased bleeding, increases 
visualization of the field and shortens operating time. 
It is known, however, that cautery injury to cranial 
nerves and their branches remains an intraoperative 
risk in head and neck surgery. Diathermy coagulation 
may destroy neural tissue adjacent to and beyond the 
intended site. 


Although electrocoagulation has long been used 
for control of operative bleeding, electron micro- 
scopic examination of the neural injuries has not been 
reported, in contrast to the well-documented findings 
of the light microscope.! 


The purpose of the present study is to assess the 
effect of a unipolar (UP) electrocoagulation system 
and a bipolar (BP) coagulation system on human and 
albino rat peripheral nerves located adjacent to the 
area of coagulation. We also tried to elucidate the 
differences in detrimental effects of UP versus BP 
coagulation on neural tissue. We disregarded the 
coagulative effects of both BP and UP methods and 
concentrated on their possible harmful effects. 


MATERIALS AND METHODS 


Six human greater auricular nerves were used to 
examine the ultrastructural alterations induced by the 
UP system and to compare the effects to those of the 
BP system. The nerves were obtained from dissected 
anatomic blocks from radical neck dissection and 
superficial parotidectomy. Three patients had meta- 


static cervical disease and the other three had benign 
parotid gland tumors. The patients had neither re- 
ceived previous irradiation treatment nor undergone 
neck operations in the area of the greater auricular 
nerve. 


An albino rat was used as the animal model. After 
full halothane anesthesia was administered, the femo- 
ral nerve was exposed by means of sterile operative 
technique. The animal was painlessly sacrificed at 
the end of the operative procedure. 


The human and albino rat nerves were divided into 
three groups: controls, UP-treated, and BP-treated. 
Segments of both human and albino rat nerves were 
randomly selected and in situ UP or BP spot-coagu- 
lated with a standard Valleylab electrosurgical unit. 
The nerves were coagulated for 2 seconds at a con- 
stant power setting of 50 W by means of a 30-gauge 
needle electrode for UP coagulation, and 60 W by 
means of microbipolar forceps for BP coagulation, 
producing satisfactory bleeding control. All surgery 
and testing were performed by the same surgeons 
(Y.Z. and R.S.). 


The electron microscopic examination was per- 
formed, at the site of coagulation, on small pieces of 
dissected nerves immediately fixed in cold 1% glu- 
taraldehyde in phosphate buffer, pH 7.4, postfixed in 
osmium tetroxide, dehydrated in graded alcohols, 
and embedded in Epon 812. Thin sections cut with an 
LKB Ultratom HI were stained with uranyl acetate 
and lead citrate and examined with a Philips 300 
transmission electron microscope at an acceleration 
voltage of 60 kV. All the electron microscope work 
was performed by the same investigator (M.D.). 


From the Department of Otolaryngology—Head and Neck Surgery (Zohar, Sadov, Strauss) and the Electron Microscopy Unit (Djialdetti), Hasharon 
Hospital-Golda Medical Center, Petah-Tiqva, and Sackler Medical School, Tel-Aviv University, Tel-Aviv (all authors), Israel. 
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Fig 1. Schwann cells of myelinated nerves. In both human (A) and rat (B) control cells, nucleus is well preserved, 
cytoplasmic organelles appear normal, and myelin sheaths are intact. Following unipolar coagulation, Schwann cells in 
human (C) and rat (D) nerves show marked damage of nucleus, as well as of cytoplasmic organelles. On other hand, after 
bipolar coagulation, Schwann cells in human (E) and rat (F) nerves appear intact. 


RESULTS in both humans (Fig 1A) and the albino rat (Fig 1B) 
Myelinated Nerves.The control myelinated nerves contained Schwann cells characterized by their round 
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Fig 2. Schwann cells of unmyelinated nerves. Cells in human (A) and rat (B) control nerves show well-preserved nucleus 
and normal axons. Unipolar coagulation caused damage in both human (C) and rat (D) cells, more expressed in latter. 
Nucleus appears disrupted, and heterochromatin and axons are markedly damaged. Treatment of nerves by bipolar 
coagulation did not cause any visible damage in human (E) or rat (F) cells. 





or oval nuclei, a small nucleolus, and peripherally plasm contained well-preserved round or oval mito- 
located, scanty heterochromatin. The envelope of the chondria and cisternae of endoplasmic reticulum. 
myelin sheath was well preserved, and at higher 

magnification, numerous filaments, microtubules, Following UP coagulation, marked damage of the 


and dense-cored vesicles were noted. The cell cyto- Schwann cell structure was observed in human (Fig 
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1C) and albino rat (Fig 1D) nerves. The nucleus was 
partially and even completely destroyed, the nuclear 
membrane was interrupted, and the cell organelles, 
especially the mitochondria, were totally destroyed. 
The myelin sheaths and axons appeared well pre- 
served. On the other hand, in BP coagulation—treated 
nerves the Schwann cell architecture remained well 
preserved in both human (Fig 1E) and rat (Fig 1F) 
specimens. 


Unmyelinated Nerves. The Schwann cells of con- 
trol human (Fig 2A) and albino rat nerves (Fig 2B) 
showed around or oval nucleus with a greater amount 
of peripherally located heterochromatin. The nucleo- 
lus was inconspicuous. The cytoplasm contained 
several axons surrounded by mesaxons that envel- 
oped the nerve fibers. Mitochondria were rarely ob- 
served. 


Unipolar coagulation caused damage to the 
Schwann cells in human (Fig 2C) as well as albino rat 
nerves (Fig 2D). The nucleus was severely affected, 
the nuclear cell membranes were grossly disrupted, 
and the axons were damaged almost beyond recogni- 
tion. 


However, following BP coagulation, the Schwann 
cells in human (Fig 2E) and albino rat (Fig 2F) nerves 
were well preserved and their structure did not differ 
from that of the controls. 


DISCUSSION 


For over 50 years, high-frequency electrosurgery 
has been used to cut or coagulate biologic tissue. 
However, it must be ensured that only the targeted 
tissue suffers thermal damage during coagulation in 
order to obtain hemostasis. 


There has been a growing interest among surgeons 
in improving the quality of treatment for patients who 
undergo diathermy coagulation in an area close to 
peripheral motor nerves or cranial nerves and their 
branches (unpublished data, K.T. Le et al). In order to 
prevent undesirable effects of the electric current 
such as electrolysis and stimulation of nerves and 
muscles, an alternating current with a frequency of at 
least 300 kHz must be used for high-frequency sur- 
gery. When high-frequency surgery is used, the sur- 
geon expects efficient hemostasis as a result of vessel 
coagulation. The efficiency with which bleeding can 
be stopped depends on the intensity of thermal coagu- 
lation. Biologic tissue can only be coagulated by 
thermal means if the requisite temperature of ap- 
proximately 70°C has been obtained. 


Thermal heating as a result of electrical flow is 
considered to be the primary mechanism of tissue 
damage in electrical injury. An alternative nonthermal 
mechanism of cellular injury occurring in electrical 


trauma is membrane electroporation,? which is the 
electrically driven formation of aqueous pores in the 
cellular lipid membrane. If the pores’ radius enlarges, 
the membrane will rupture. This mechanism occurs 
quickly, long before heating becomes significant. 


The employment of high-frequency alternating 
currents for the destruction of tissue is referred to as 
surgical diathermy or electrosurgery. Currents of 
different types and intensities are used. Alternating 
current is more destructive than direct current, High 
tension (a current of more than 1,000 V) is more 
destructive than low tension. The larger the site, the 
greater the injury.? 

In electrosurgery the destruction of tissue is ac- 
complished by fulguration, desiccation, coagulation, 
and electrocutting.* Fulguration is useful for destruc- 
tion of superficial lesions. For this purpose the damped 
current of a long-wave diathermy apparatus is em- 
ployed. The active electrode is held in close proxim- 
ity to the lesion but not inserted into it. The tissue 
destruction is superficial and is brought about by 
dehydration and shrinkage, the result of the evapora- 
tion of the water content of the treated tissue. 


Electrodesiccation uses the high-voltage current 
derived from the monoterminal of a conventional 
diathermy generator and is similar to fulguration, but 
the active needle electrode is inserted into the area to 
be destroyed. 


Electrocoagulation causes a more extensive and 
deeper destruction of tissue than the above-men- 
tioned forms of surgical diathermy. A damped high- 
frequency current is employed. The current is of high 
amperage and low voltage. 


The depth and extent of destruction that results 
from UP coagulation depend on the type of electrode 
used, the strength of the current, and the duration of 
application. The tissue becomes a grayish mass, 
composed of cells whose normal structure has been 
destroyed, and hyalinization necrosis results. 


Monopolar (UP) electrosurgical devices have one 
small electrode in the instrument that the surgeon 
holds, and the other electrode is a large plate beneath 
the patient. Whenever monopolar devices are acti- 
vated, electrical currents are passed completely 
through the patient’s body. 

Bipolar electrosurgical devices have two elec- 
trodes, between which the radio frequency high elec- 
trical voltages are applied at the point of tissue 
cutting, and current passes only through the tissues 
between the BP electrodes. 


Given the results obtained in our present transmis- 
sionelectron microscopy study, BP coagulation should 
be the method of choice in electrocoagulation in 
proximity to peripheral or cranial nerves. 
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EVALUATION AND MANAGEMENT OF THE PATIENT WITH DIZZINESS 

The course Evaluation and Management of the Patient With Dizziness will be held in New York, New York, November 1-2, 1996. 
For more information, contact New York University, 550 First Ave, New York, NY 10016; telephone (212) 263-5295; fax (212) 263- 
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SLEEP FLUOROSCOPY FOR LOCALIZATION OF UPPER AIRWAY 
OBSTRUCTION IN CHILDREN 
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The management of children with upper airway obstruction (UAO) in whom previous airway surgeries or concomitant craniofacial 
or neuromuscular abnormalities exist is complicated by potential obstruction at multiple sites. Sleep fluoroscopy (SF) provides adynamic 
representation of relative degrees of obstruction at multiple levels of the pediatric airway. Fifty-five SF studies were performed on 50 
infants and children to localize obstructive sites. Correlation was assessed with findings on direct laryngoscopy and bronchoscopy under 
spontaneous ventilation. In 24 (44%), endoscopic and SF findings correlated exactly. The SF studies identified a site of UAO in 11 
patients with normal findings on endoscopic examination and multiple sites of UAO in 16 others. Two thirds of these occurred at the 
hypopharynx and tongue base. The SF studies failed to detect 5 airway abnormalities in 4 patients. The sensitivity of SF for endoscopically 
verified laryngotracheal lesions was lowest for glottic (67%) and subglottic (70%) locations and higher for tracheal (92%) and 
supraglottic (100%) sites. Sleep fluoroscopy altered the course of treatment in 26 (52%) children. It appears to be a valuable adjunct to 
endoscopy in the identification and management of pediatric UAO when hypopharyngeal collapse or multiple levels of obstruction are 


suspected. 


KEY WORDS — craniofacial anomaly, fluoroscopy, obstructive sleep apnea, upper airway obstruction. 


INTRODUCTION 


The otolaryngologist who cares for children is 
frequently called upon to evaluate and treat upper 
airway obstruction (UAQ). Managing the child with 
a complex medical history, in whom the structural or 
functional integrity of the upper airway may be 
compromised at more than one site, presents a special 
diagnostic and therapeutic challenge. It may be diffi- 
cult to appreciate multiple areas of obstruction and 
the relative impact of each pathologic site on total 
airway patency. 


Children at risk for multilevel UAO include those 
with congenital craniofacial anomalies, neuromus- 
cular disorders, or metabolic storage diseases.!~4 The 
mucopolysaccharidosis of Hurler’s syndrome, for 
example, is characterized by skeletal anomalies, such 
as mandibular hypoplasia, as well as soft tissue 
infiltration and enlargement of the nasopharyngeal, 
oropharyngeal, hypopharyngeal, and laryngeal soft 
tissues. Clinical evidence of UAO may represent 
obstructive disease at any, or all, of these airway 
sites.2 A history of surgical manipulation of the 
airway can similarly complicate the diagnostic pro- 
cess.>© Subsequent UAO may represent progression 
or residua of the original disorder, alteration of air- 
flow mechanics, or sequelae of the surgery itself (eg, 


anterior tracheal wall collapse following tracheos- 
tomy). 


Physical and endoscopic examinations will iden- 
tify clearly the cause of UAO in the majority of 
children. Direct laryngoscopy and bronchoscopy 
(DLB) offers superior diagnostic visualization of the 
anatomy and, when spontaneous respiration is main- 
tained, the physiology of the larynx and tracheobron- 
chial tree. Rigid endoscopy is, however, more limited 
in its ability to determine functional obstruction by 
soft tissues of the nasopharynx, hypopharynx, or 
tongue base.’-? The patency and function of the pha- 
ryngeal and laryngeal airway is readily assessed with 
flexible fiberoptic endoscopes,!°!* but safe airway 
examination distal to the subglottis is usually not 
possible in the infant or young child with UAO.!-!5 
Performed separately or in tandem, these endoscopic 
techniques are routinely used to delineate individual 
foci of disease as airway sites are examined in se- 
quence. In extraordinary cases, the site of greatest 
obstruction may still be unclear. 


An imaging technique that allows all levels of the 
upper airway to be visualized simultaneously during 
respiration might augment the diagnostic informa- 
tion gleaned from endoscopy. Fluoroscopy provides 
a dynamic representation of the patency of the entire 


a Ee ane ee a ee ee an ne ee eee 
From the Departments of Otolaryngology and Maxillofacial Surgery (Gibson, Myer, O'Connor) and Radiology (Strife), Children’s Hospital Medical 


Center, Cincinnati, Ohio. 


Presented at the meeting of the American Society of Pediatric Otolaryngology, Palm Beach, Florida, May 11-12, 1994. 
REPRINTS — Sharon E. Gibson, MD, 100 Dudley St, Providence, RI 02905. 


Gibson et al, Sleep Fluoroscopy 679 


upper airway, from nasopharynx to carina, during 
both phases of the respiratory cycle.1617 In complex 
cases, supine fluoroscopic evaluation during sleep 
may enhance the likelihood of localizing multiple 
obstructive sites and improve the identification of 
UAO related to inspiratory collapse of soft tissues 
within the pediatric airway.!/-!9 


The purpose of this study is to evaluate the useful- 
ness of sleep fluoroscopy (SF) in the localization and 
management of UAO in children. The study popula- 
tion comprises children in whom an underlying con- 
genital or iatrogenic condition with a predisposition 
to UAO at more than one airway site exists. The value 
of SF as a diagnostic modality is assessed first by its 
ability to identify laryngeal and tracheal obstructive 
disease witnessed upon DLB, the current “gold stan- 
dard” for laryngotracheal diagnostic investigation. 
The potential for SF to detect single or multiple sites 
of airway obstruction, irrespective of endoscopic 
findings, is then addressed through correlation of 
fluoroscopic and endoscopic findings at discrete 
sites within the upper airway (nasopharynx, hypophar- 
ynx, supraglottis, glottis, subglottis, and trachea) for 
each child. Management of UAO in these children 
was initially based on endoscopic findings alone. An 
estimation of SF’s impact on patient management is 
made on the basis of the percentage of patients in 
whom the treatment plan was altered by the addition 
of SF findings. 


MATERIALS AND METHODS 


Infants and children under the age of 16 years were 
evaluated initially by a staff physician in the Depart- 
ment of Pediatric Otolaryngology at the Cincinnati 
Children’s Hospital Medical Center. Patients with 
evidence of UAO on the basis of history and physical 
examination were evaluated further with airway soft 
tissue radiographs or flexible fiberoptic laryngos- 
copy (FFL) or both. Direct laryngoscopy and bron- 
choscopy under general anesthesia was performed 
when laryngeal or tracheal disease was suspected or 
when the severity of airway obstruction was not 
explained by FFL findings alone. Polysomnography 
was obtained for documentation of obstruction prior 
to endoscopy when symptoms occurred primarily 
during sleep. 


Endoscopy was performed with the Hopkins sys- 
tem of rigid fiberoptic telescopes with a camera 
attachment for video recording. General anesthesia 
was induced via an inhalational technique without 
paralytic agents to allow dynamic airway character- 
istics such as respiratory phase variability and vocal 
cord mobility to be most accurately assessed. If a 
tracheostomy was present at the time of endoscopy, 


the examination included tracheoscopy with the tra- 
cheostomy tube in situ and with the tube withdrawn. 


Patients were referred for evaluation of the airway 
by SF if one or more of the following conditions was 
present: 1) potential for obstruction at more than one 
site within the upper airway on the basis of an un- 
derlying congenital anomaly (craniofacial, neuromus- 
cular, or metabolic), 2) potential for obstruction at 
more than one site within the upper airway due to 
previous airway surgery, 3) failure to improve clini- 
cally after a single site of obstruction was identified 
endoscopically and appropriately treated, or 4) per- 
sistent signs and symptoms of UAO despite normal 
findings on FFL and subsequent DLB. 


Technique of Sleep Fluoroscopy. Sleep fluoros- 
copy was performed by a staff pediatric radiologist. 
An otolaryngologist was present for patients with a 
tracheostomy, to occlude or remove the tube during 
the study. Parents were allowed to attend the proce- 
dure in order to reduce patient anxiety and to verify 
that the observed breathing pattern was similar to that 
which had been observed at home. Food and drink 
were withheld for 4 to 8 hours prior to the study to 
minimize the risk of aspiration. Sleep was induced 
with oral chloral hydrate (70 to 100 mg/kg) or intra- 
venous pentobarbital sodium (2 to 4 mg/kg). Each 
child was monitored continuously for respiratory 
rate, heart rate and rhythm, and blood oxygen satura- 
tion via transcutaneous pulse oximetry. Direct obser- 
vations made by the radiologist included upper respi- 
ratory tract effort, thoracic wall motion, and episodes 
of apnea. Simultaneous audiovisual videotaping of 
the fluoroscopic examination allowed retrospective 
review and correlation of stridor or stertor with the 
visualized obstruction. 


Fluoroscopy was performed in the lateral plane 
centering on three sites: oropharynx (at the level of 
the velum), hypopharynx, and intrathoracic trachea. 
In infants and children, this allows visualization of 
the airway from the nasopharynx to the distal trachea. 
When signs of obstruction occurred, fluoroscopy 


- was recorded for 10 to 20 seconds at each of the three 


sites. The procedure was completed in approximately 
1 hour (30 minutes for adequate sedation, 1 minute 
total fluoroscopy time, and 30 minutes recovery). 


RESULTS 


Fifty infants and children underwent 55 DLB and 
SFevaluations for UAO. Three children were studied 
twice and 1 child underwent 3 separate studies over 
a 20-month period. In these 4 children, repeat DLB 
and SF were warranted by persistent or recurrent 
UAO following operative intervention. Patient age at 
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TABLE 1. CONGENITAL SKELETAL, 
NEUROMUSCULAR, AND METABOLIC DISORDERS 
IDENTIFIED IN STUDY GROUP 


No. of 
Patients 
Craniofacial 
Down syndrome 
Choanal atresia 
Treacher Collins syndrome 
Pierre Robin syndrome 


æ = N UN N 


Crouzon’s syndrome 
Neuromuscular 

Hypotonia 

Cerebral palsy 4 

Arthrogryposis l 
Metabolic and other 

Hurler’s syndrome 

Nonsyndromic macroglossia 2 
Total 31 


the time of evaluation ranged from 1 month to 15 
years, with a mean of 3 years 9 months. None of the 
SF studies was associated with acute respiratory 
distress or other significant complication. 


Congenital skeletal, neuromuscular, and/or meta- 
bolic disorders were present in 31 children. Of the 50 
patients studied, 16 had an identifiable craniofacial 
anomaly such as Down syndrome or Pierre Robin 
anomalad. Eleven children demonstrated general- 
ized neuromuscular abnormalities. Macroglossia was 
noted in 4 children: in 2 it was a manifestation of 
Hurler’s syndrome, and in 2 others it was of nonsyn- 
dromic causation. Specific congenital disorders iden- 
tified in the study population are listed in Table 1. 


Twenty-two children had undergone no surgical 
alteration of the upper airway prior to SF and endos- 
copy. The remaining 28 shared a collective history of 
65 airway-related surgeries excluding laryngoscopy 
and bronchoscopy. Eleven children were tracheos- 
tomy-dependentat the time of evaluation. Another 13 
previously had undergone tracheostomy but were 
decannulated prior to SF and DLB. A complete list of 
procedures for patients with a history of upper airway 
surgery is provided in Table 2. Fifteen patients had 
both an underlying craniofacial malformation or neu- 
romuscular disorder and a previous iatrogenic alter- 
ation of the airway. 


Fifteen patients were referred for SF on the basis of 
clinical suspicion of UAO but with no significant 
airway disorder identified on FFL and DLB. 


Sensitivity of Sleep Fluoroscopy for Laryngotra- 
cheal Lesions. On 55 laryngoscopic and broncho- 
scopic examinations, laryngeal or tracheal disease 
contributing to UAO was noted in 35. In 9 cases, 


TABLE 2. PRIOR PROCEDURES IN STUDY CHILDREN 
WITH HISTORY OF UPPER AIRWAY SURGERY 


No. of 
Procedure Procedures 
Laryngotracheal reconstruction 16 
Tracheostomy, closed 13 
Tracheostomy, patent 11 
Tonsillectomy and/or adenoidectomy 13 
Arytenoidectomy 3 
Epiglottoplasty 2 
Repaired tracheoesophageal fistula 2 
Repaired oropharyngeal stenosis 2 
Excised laryngeal neurofibroma 1 
Uvulopalatopharyngoplasty 1 
Palatoplasty 1 
Total 65 


supraglottic abnormalities (primarily those associ- 
ated with laryngomalacia) were found. Sleep fluo- 
roscopy localized airway obstruction to this site in all 
9 patients. This represents a sensitivity of SF for 
endoscopically verified supraglottic disease of 100% 
for this site. At the level of the glottis, DLB identified 
an obstructing lesion in 3 patients with 1 case each of 
vocal cord paralysis, vocal cord granulomas, and 
glottic stenosis. The SF identified glottic obstruction 
in the latter 2 patients, but failed to detect immobility 
of the vocal folds. The sensitivity of SF for this 
limited number of glottic lesions therefore approaches 
67%. Subglottic stenosis was found on 10 DLBs with 
obstruction localizing to this level by SF on 7 occa- 
sions (70%). Within the trachea, suprastomal col- 
lapse on inspiration in patients with previous trache- 
ostomy was noted on DLB in 9 patients. Four other 
endoscopic examinations revealed tracheal obstruc- 
tion including diffuse tracheomalacia and innomi- 
nate artery compression. Sleep fluoroscopy identi- 
fied these same lesions in 12 of the 13, a sensitivity of 
92% for tracheal disease. 


Correlation of Sleep Fluoroscopy and Endoscopic 
Findings. Table 3 outlines the general correlation 
between normal and abnormal endoscopic and SF 
studies. In4 children, both DLB and SF findings were 
normal. Thirty-six DLB examinations with abnormal 
findings had a corresponding SF study that also had 
abnormal findings. Of these 36, 20 correlated exactly 
with the same site or sites identified by both methods. 
In 18 instances, the same single site was identified by 
both DLB and SF, and in 2 patients multiple sites of 
obstruction correlated exactly between the two meth- 
ods of study. Therefore, a total of 24 (4 normal and 20 
abnormal) endoscopies and fluoroscopies correlated 
exactly. In the remaining 16 with abnormal endo- 
scopic findings, a single site of obstruction was noted 
on DLB and multiple sites were identified by fluoros- 
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TABLE 3. CORRELATION OF RESULTS OF SLEEP 
FLUOROSCOPY AND ENDOSCOPY IN 55 STUDIES 


Normal Abnormal 
on SF on SF 
Normal on DLB - 4 li 
Abnormal on DLB 4 36 


DLB — direct laryngoscopy and bronchoscopy, SF — sleep fluoros- 
copy. 


copy. 


Eleven cases in which no abnormality was identi- 
fied on DLB demonstrated at least 1 obstructive site 
on SF. Obstruction in two thirds (8) of these children 
occurred in the region of the hypopharynx and tongue 
base. Inspiratory tracheal and nasopharyngeal ob- 
struction were also observed on SF. Sleep fluoros- 
copy failed to localize 5 sites of UAO in 4 patients 
with laryngotracheal lesions demonstrated on DLB. 
Table 4 details the number of times a particular 
airway site was identified as a site of obstruction by 
DLB and by SF. Since multiple sites of obstruction 
were identified in 21 studies on 18 patients, the 
numeric values exceed the number of studies per- 
formed. Seventy-two separate sites of UAO were 
identified in 51 DLBs and 51 SF studies (4 of the 55 
airway evaluations were determined to be normal by 
both DLB and SF, ie, no obstructive sites identified). 
Multiple sites of airway obstruction were found in 
41% of this patient population. 


Influence of Sleep Fluoroscopy Findings on Pa- 
tient Management. Localization of UAO by SF al- 
tered the course of treatment, initially planned on the 
basis of clinical and endoscopic findings, in 26 chil- 
dren (52% of the study group). In 17, SF influenced 
the performance of a surgical procedure not antici- 
pated by DLB, including intervention when no sur- 
gery was initially entertained or substitution of one 
surgical procedure for another to address a separate 
airway site. Sleep fluoroscopy obviated the need for 
surgery in 3 patients in whom DLB identified an 
abnormality but inaccurately estimated the degree of 
functional obstruction relative to other airway sites. 


The findings on SF confirmed the treatment plan in 
the remaining 24 patients. Proceeding with surgical 
management was supported in 14 children. Defer- 
ment of operative intervention was supported by SF 
findings in 10 others. 


DISCUSSION 


Several types of radiographic imaging have been 
employed in the evaluation of UAO. Attempts to 
study the upper airway by static imaging modalities, 
such as cephalometric radiographs, computed tomog- 
raphy, magnetic resonance imaging, and acoustic 


TABLE 4. CORRELATION OF SITES OF OBSTRUCTION 
IDENTIFIED BY SF AND ENDOSCOPY 


Identified Identified Identified Total No. 


on Both onDLB onSF- > of Times 

DLB and andNot and Not Site 
Site SF SF DLB Identified 
Nasopharynx 0 0 3 3 
Hypopharynx 8 0 18 26 
Supraglottis 9 0 2 11 
Glottis 2 1 0 3 
Subglottis 7 3 0 10 
Trachea 12 1 6 19 
Total 38 5 29 72 


SF — sleep fluoroscopy, DLB — direct laryngoscopy and bronchos- 
copy. 


reflection studies, have been limited to the visualiza- 
tion of fixed obstruction.!&17:29 Fluoroscopy offers 
the advantage of a dynamic representation of the 
entire upper airway during both phases of respiration. 
Early work in the area of airway fluoroscopy focused 
on adults with obstructive sleep apnea (OSA) and 
originated in 1967 when Schwartz and Escande?! 
studied the airflow patterns of a single pickwickian 
subject. Fluoroscopic evaluation was found to be 
well suited to sleep-related breathing disorders, since 
neither the positioning nor the equipment prevents 
the subject from attaining sleep and the functional 
effects of soft tissue collapse on the upper airway can 
be appreciated easily. Simultaneous polysomnogra- 
phy and fluoroscopy, termed somnofluoroscopy, cor- 
relates sleep stage with airway obstruction and has 
been used by several groups to study the pathophysi- 
ology of OSA in the adult population, 19.22.23 


Fluoroscopic evaluation of the pediatric airway 
was first described in a brief case report by Smith et 
al!8 in 1978. They utilized this modality to diagnose 
occlusion of the pharyngeal airway by the tongue 
base during sleep in a 12-year-old achondroplastic 
boy. One of the current authors in 1991 used SF to 
evaluate the airway in 2 children with Hurler’s syn- 
drome.” Although these sporadic case reports have 
alluded to its value, the literature presently lacks 
reports of large series addressing whether SF has a 
significant role in the management of pediatric UAO. 


In this study, we found SF to be a useful supple- 
ment to DLB in the localization of pediatric UAO. It 
is not, however, an acceptable substitute for diagnos- 
tic airway endoscopy. The ability of SF to detect 
endoscopically documented laryngotracheal disor- 
ders was low for glottic and subglottic lesions (67% 
and 70%, respectively). These are typically fixed, 
adynamic obstructions such as vocal cord paralysis 
and subglottic stenosis. Since fluoroscopy best dem- 
onstrates changes in the caliber of the airway silhou- 
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ette during the respiratory cycle, it has a limited 
ability to localize static obstructions in these loca- 
tions. Plain anteroposterior and lateral neck and chest 
radiographs will often suffice to detect fixed narrow- 
ing of the subglottic larynx and trachea. The sensitiv- 
ity of SF for dynamic obstruction, however, as occurs 
with laryngomalacia or tracheomalacia, was signifi- 
cantly higher (92% for tracheal lesions and 100% for 
supraglottic). These findings indicate that SF is an 
appropriate tool for detecting some types of obstruc- 
tive disease. 


More clinically significant is the apparent ability 
of SF to detect areas of obstruction not readily mani- 
fest on DLB. In 27 instances, SF identified a site of 
obstruction not diagnosed by DLB. As was the case 
specifically with laryngotracheal disease, SF ap- 
pears best at identifying dynamic obstruction regard- 
less of airway site and indeed appears superior to 
DLB in identifying inspiratory hypopharyngeal and 
tracheostomal collapse. The frequent finding of ante- 
rior tracheal obstruction reflects the high proportion 
of these patients in whom tracheostomy had been re- 
quired. 


Our initial premise that this study population is at 
risk for UAO at many levels of the airway was 
supported by the finding of multiple obstructive sites 
in 21 of 55 studies. In only 2 of these patients was 
obstruction localized to multiple sites by DLB alone. 
The ability to evaluate the entire upper airway simul- 
taneously during fluoroscopy seemed to offer a dis- 
tinct advantage. Not only was the multiplicity of 
obstructive sites easily appreciated, but when ob- 
struction did occur at more than one site, a direct 
comparison of the relative degree of compromise at 
each could easily be made. A particularly useful 
application of SF therefore appears to be in the search 
for multiple levels of obstruction in a single patient. 


The ability of SF to localize sites of UAO would 
have little relevance if that information is not helpful 
in directing treatment. In this group of patients, we 
found data obtained by this imaging modality to have 
a direct impact on patient care. Sleep fluoroscopy 
was performed in 15 cases in which clinical assess- 
ment suggested UAO but no cause was found on 
endoscopy. Four of these patients had normal find- 
ings on SF, affirming a plan of observation without 
intervention. A site of obstruction was localized by 
SF in the remaining 11 cases that guided the formu- 
lation of an appropriate treatment plan. In total, the 
management of 26 patients was changed by informa- 
tion supplied by SF. As an example, 1 child with 
Down syndrome, subglottic stenosis, and stomal col- 
lapse would have undergone laryngotracheoplasty 
with closure of the tracheostomy had not SF dis- 


closed a greater obstruction at the level of the tongue 
base. Five children were spared an attempt at trache- 
ostomy decannulation that was unlikely to succeed 
without reconstruction when SF demonstrated severe 
inspiratory collapse above the tracheostomy when 
the tube was removed. The successful management 
of UAO will be accomplished through careful his- 
tory, physical examination, plain radiography, and 
endoscopy in the vast majority of children, but we 
found SF to be a helpful adjunct in the care of this 
particular patient population. 


The modality of SF is not, however, without its 
drawbacks. The most frequently cited disadvantage 
to the use of fluoroscopy in children is the delivery of 
radiation.®1617 Although the actual scanning time is 
brief (1 minute in total by our protocol), no dosing 
guidelines or limitations for diagnostic radiographic 
procedures are available for review. Somnofluoros- 
copy as described by Pepin et al?? delivered 1 to 2 
mGy of radiation per minute. No adverse acute or 
long-term effects have been reported to date for 
fluoroscopy administered in this fashion. 


The second significant disadvantage is the need for 
sedation in order to provide a detailed study in small 
children and to reveal obstruction that may occur 
primarily during sleep. Fluoroscopy can be achieved 
in adults by enforcing sleep deprivation prior to the 
study,” but this approach may not be routinely appli- 
cable to pediatric subjects. Heavy sedation, particu- 
larly with narcotics, has the potential to produce 
central apnea by depressing respiratory drive. Cen- 
tral apnea can easily be distinguished from obstruc- 
tive apnea by the absence of respiratory effort and 
was not observed in our patient group. The more 
critical issue is whether sedation causes a falsely high 
incidence of hypotonic hypopharyngeal and tongue 
base obstruction. While the central nervous system is 
exquisitely sensitive to barbiturates at sedative or 
hypnotic doses, skeletal and smooth muscle are not 
directly affected at the low dosages required to pro- 
mote sleep in the absence of tactile stimulation.4 All 
of our patients had signs or symptoms of UAO prior 
to sedation, and parents witnessing the SF study did 
not note significant worsening from their child’s 
baseline respiratory status. When managing these 
children, particularly those with UAO in the face of 
normal findings on endoscopic examination, we felt 
it appropriate to accept fluoroscopic evidence of 
hypopharyngeal obstruction as clinically significant. 
It should not be surprising that UAO was often 
localized to the region of the hypopharynx and tongue 
base given this patient population, half (25/50) of 
whom had a syndrome associated with micrognathia, 
retrognathia, glossoptosis, macroglossia, or other 
congenital affliction of this anatomic area. 
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CONCLUSIONS 


We found SF to be a relatively safe and useful 
procedure for examination of the pediatric upper 
airway. While the sensitivity of SF in identifying 
dynamic obstructive disease in the supraglottic lar- 
ynx and trachea is acceptable, it identifies less well 
those lesions that tend to be fixed rather than func- 
tional, such as vocal cord paralysis and subglottic 
stenosis. Sleep fluoroscopy may therefore comple- 
ment, but cannot replace, diagnostic airway endos- 
copy. 

The advantages of SF appear to be the ability to 1) 
identify inspiratory collapse of the hypopharynx and 
tongue base and of the anterior tracheal wall and 2) 
assess multiple levels of UAO within a single patient. 
Our findings affirm that children with prior surgery 


or congenital anomalies affecting the upper airway, 
or both, are indeed at risk for UAO by these mecha- 
nisms. Information gleaned from SF influenced the 
management of half of our patient population; hence, 
the addition of SF findings to those obtained by 
endoscopy in these complex cases seemed to have 
significant clinical relevance. This modality proved 
most helpful when the severity of airway obstruction 
was unexplained by endoscopic findings or treatment 
of a single identifiable site failed to result in clinical 
improvement. 


Sleep fluoroscopy appears to be a valuable adjunct 
to laryngoscopy and bronchoscopy in the localization 
and management of UAO in children in whom in- 
spiratory hypopharyngeal collapse or involvement at 
multiple sites is likely. 
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MENINGITIS AFTER ADENOIDECTOMY: 
AN ANATOMIC EXPLANATION 
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Meningitis is a rare complication of adenoidectomy. During a 5-month period, two children at St Christopher’ s Hospital for Children 
developed meningitis within days following this surgical procedure. The potential causes of this complication that we investigated 
include coincidence, systemic hematogenous spread of bacteria to the central nervous system, and direct or indirect contamination of 
the cerebrospinal fluid by bacteria introduced by retropharyngeal injection of lidocaine hydrochloride and epinephrine. Based on 
statistical analysis of the available literature and anatomic studies of the pediatric nasopharyngeal region, we conclude that a retrograde 
flow of bacteria via a newly described anastomotic network of veins was the most likely cause of this sequela. 


KEY WORDS — adenoidectomy, complication, head and neck anatomy, meningitis, vascular anatomy. 


INTRODUCTION 


Meningitis rarely complicates adenoidectomy. This 
is Surprising, given the proximity of the nasopharynx 
(a highly contaminated field) to the central nervous 
system (CNS) and the exposure of arich vascular bed 
during adenoid removal. In the years 1992-1993 
more than 800 children underwent adenoidectomy 
with or without tonsillectomy at St Christopher’s 
Hospital for Children. During this period one surgeon 
(G.I.) used a technique of retropharyngeal injection 
of lidocaine hydrochloride—epinephrine as part of the 
adenoidectomy procedure to reduce intraoperative 
bleeding. This technique was abandoned after two 
children, in a 5-month period, developed bacterial 
meningitis in the days after surgery. Since discon- 
tinuation of the injection technique, there has been no 
more meningitis in this patient group. 


Four potential explanations for these unusual com- 
plications were explored: 1) coincidence, 2) hema- 
togenous spread due to the adenoidectomy itself, 3) 
direct perforation into the subarachnoid space by the 
hypodermic needle, and 4) retrograde venous con- 
tamination of the cerebrospinal fluid (CSF) during 
rapid injection of the lidocaine and epinephrine. To 
determine the likelihood of each of these possibili- 
ties, a review of the literature on complications of 
adenoidectomy was undertaken, other surgeons with 
experience in nasopharyngeal injection were con- 
tacted by telephone, and two sets of anatomic studies 
were pursued. The results of this work and our 
proposed mechanism for meningitis after adenoid- 
ectomy are presented. 


METHODS AND MATERIAL 


Injection Technique. In each case, the patient, 
under general endotracheal anesthesia, was placed in 
Rose’s position and the mouth was opened with a 
Mclvor gag in preparation for adenoidectomy. The 
soft palate was retracted to reveal the lower edge of 
the adenoid bed. A3-mL syringe and 27-gauge needle 
were used to inject 1 mL of sterile 1% lidocaine 
hydrochloride and 1:100,000 epinephrine per year of 
age with a maximum dose of 5 mL. The needle was 
passed through the adenoid bed under vision until it 
contacted the bone of the basicranium. It was then 
withdrawn a few millimeters to the presumed loca- 
tion of the retropharyngeal space. The plunger was 
retracted, and if no blood returned, injection was 
begun, ballooning out the retropharyngeal space. 
After 5 minutes the adenoidectomy was performed 
under indirect mirror guidance with a Barnhill curette 
and St Clair Thompson forceps. Hemostasis was 
obtained by compression with tonsillar tampons and 
by suction electrocautery. 


Case Reports. Patient 1 was a 5-year-old boy who 
underwent an uneventful adenoidectomy and bilat- 
eral myringotomy with tube insertion for recurrent 
acute otitis media and nasal obstruction. Retropha- 
ryngeal injection of 5 mL of lidocaine hydrochloride 
with epinephrine was used. The patient was dis- 
charged from the hospital 4 hours postoperatively, 
alert and tolerating liquids. The following morning, 
he was noted to be lethargic and febrile to 38.2°C, and 
he vomited several times. He was admitted to the 
hospital, where a lumbar puncture was grossly puru- 
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lent with 14,000 white blood cells (WBCs) and a 
glucose of 37 mg/dL. Culture of the CSF grew 
Streptococcus pneumoniae. He was treated with cef- 
triaxone sodium and dexamethasone and recovered 
without hearing loss or heurologic sequelae. Mag- 
netic resonance imaging showed no evidence of a 
skull base defect. 


Patient 2 was a 5-year-old girl who underwent an 
adenoidectomy for nasal obstruction in which retro- 
pharyngeal injection of 5 mL of lidocaine hydrochlo- 
ride with epinephrine was used. She was discharged 
from the hospital 4 hours postoperatively, alert and 
tolerating liquids. The following day she developed 
fever, vomiting, and lethargy. Thirty-six hours post- 
operatively she was taken to the emergency room, 
where a lumbar puncture yielded CSF with 4,700 
WECs and a glucose of 16 mg/dL. Cultures grew 
Haemophilus influenzae type A. She was hospital- 
ized and treated with ceftriaxone and dexamethasone 
and recovered without hearing loss or neurologic 
sequelae. Computed tomography showed no evi- 
dence of a skull base defect. 


Anatomic Studies. To determine whether needle 
puncture of the subarachnoid space was possible via 
transoral injection, we recapitulated our injection 
technique in a morphologically normal 3-year-old 
child who had died of heart disease. With the fresh 
cadaver in Rose’s position and a Dingman mouth gag 
in place, several attempts were made to reach the 
subarachnoid space by a peroral route. In addition to 
correct placement in the lower nasopharynx, the 
needle was passed “too low” in the oropharynx and 
“too high” in the nasopharynx, with lateral radio- 
graphic confirmation of their positions. 


Fresh fetal cadaver experiments to determine the 
venous anatomy of the nasopharynx and cervical 
spine were performed as part of an orthopedic study 
and previously published in 1984.! These results 
were reanalyzed by the anatomist on that project 
(W.W.P.) to determine whether a pathway of collat- 
eral circulation between the nasopharyngeal submu- 
cosa and the CNS existed. In these experiments, two 
techniques were used, In the first set of experiments, 
vascular casts of the arterial and venous systems were 
created by injection of the vertebral arteries of third- 
trimester fresh fetuses. A solution of vinyl acetate 
was injected by syringe through a cannula in the 
ascending aorta. After the cannula was secured, the 
arch of the aorta was clamped just proximal to its 
junction with the ductus arteriosus in order to confine 
the flow of the medium to the branches of the arch. 
When the gingivae showed sufficient discoloration 
to indicate adequate penetration of the medium into 
the finer vessels, the cannula was clamped and the 


medium permitted to solidify for 24 hours. Due to 
numerous upper cervical arteriovenous anastomoses, 
the suboccipital epidural veins also became well 
injected. The upper cervical spine, the base of the 
skull, and the peripharyngeal tissues were then re- 
moved en bloc and were corroded in 10% solution of 
potassium hydroxide until the soft and hard tissues 
were completely digested. The remaining cast was 
then pruned of extraneous vessels to show the desired 
area. In the second set of experiments, pharyngeal 
venous drainage was studied in six third-trimester 
and full-term fetuses by means of retrograde injec- 
tion of the azygos vein with India ink, synthetic latex, 
and water in a 2:1:1 ratio for a 2-hour period. The 
specimens were then embalmed with formalin (2%) 
and phenol (0.5%), bleached (1.5% hydrogen perox- 
ide), decalcified (4% acetic acid), dehydrated (100% 
ethanol), and cleared (methy] salicylate). Specimens 
sectioned in the parasagittal plane were transillu- 
minated, photographed, and evaluated. 


Statistics. The probability of bacterial meningitis 
occurring by chance alone in two children in a 5- 
month period was calculated from an established 
study of the incidence of bacterial meningitis beyond 
the neonatal period and by assuming a Poisson distri- 
bution to model a rare event. 


RESULTS 


Literature Review. A computerized review of the 
literature revealed only seven reports of meningitis 
after tonsillectomy and/or adenoidectomy.?“ In at 
least one of these seven cases, the patient had a na- 
sopharyngeal encephalocele that was not appreciated 
prior to adenoidectomy. Several series reporting the 
complications of more than a thousand adenotonsil- 
lectomies exist, and none of these includes a case of 
meningitis.>-? While an accurate denominator cannot 
be determined, it can be assumed safely that a case of 
meningitis is unlikely to occur in more than one in 
five thousand cases, and that the true incidence is 
probably much lower than this. 


Population-based studies in the states of South 
Carolina, Minnesota, Vermont, and New Mexico 
quote the incidence of bacterial meningitis in chil- 
dren beyond the neonatal period at between 5 and 7 
per 100,000 per year.!9 Assuming a Poisson distribu- 
tion to model arare event, with an expected incidence 
of 0.017 cases of meningitis in a S-month period (5/ 
100,000 x 800 children x 5/12 year), we find the 
probability of two children contracting meningitis by 
chance alone is in the range of one in a million (p < 
.000001). The chance that each case should occur 
within 3 days of surgery by chance is much lower than 
this. 


Anatomic Studies. Multiple attempts to pass a 
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Fig 1. Lateral radiograph of fresh pediatric cadaver in 
Rose’s position. Attempts at entry into subarachnoid space 
were unsuccessful at any angle. Needles passed through 
nasopharynx, as well as those misdirected through oro- 
pharynx, were stopped by solid basioccipital bone. 


hypodermic needle into the subarachnoid space by a 
transoral approach were unsuccessful. The needle 
was repeatedly introduced at 0.5-cm intervals along 
an arc ranging from the high oropharynx to the hard 
palate. Even when passed at unusual angles and well 
above and below the prescribed site for nasopharyn- 
geal injection, the needle’s course was consistently 
blocked by the solid bone of the basicranium (Fig 1). 


If we combine this information with data derived 
from the injection studies that provided both corro- 
sion casts and parasagittal sections of the vascular 
anatomy of the nasopharynx and surrounding struc- 
tures (Figs 2-41), it is possible to reconstruct a route 
for retrograde venous flow from the nasopharynx 
submucosa to the subarachnoid space. The pharyn- 
govertebral veins provide the most direct route for 
nasopharyngeal blood- or lymph-borne inclusions to 
gain access to structures related to the superior cervi- 
cal vertebrae. Formed by radicals in the nasopharyn- 
geal submucosa, these veins pass bilaterally on both 
sides of the medial pharyngeal bursa, in close ap- 
proximation to the basilar process of the occipital 
bone, and communicate with the periodontoidal ve- 
nous plexus, whichis part of the epidural suboccipital 
venous sinus (of Zolnai) that is an expansion of the 
spinal epidural veins in the C1-2 region of the spinal 
canal. Small venous radicals connect this sinus com- 
plex with the surrounding osseous and connective 
tissues of the upper cervical region and also provide 
a transdural access to the leptomeninges. Although 
this latter passage may seem less obvious, itis readily 





Fig 2. Schematic representation of venous drainage of 
nasal cavity, nasopharynx, and oropharynx. Drainage 
from upper part of lateral wall of nasal cavity goes into 
orbital veins through anterior and posterior ethmoidal 
veins (1), whereas drainage from lower part of lateral nasal 
wall and nasal septum goes to pterygoid plexus, deep in 
face, through tributaries of sphenopalatine veins (2). Oro- 
pharynx drains into tonsillar tributaries of maxillary veins 
and posterior pharyngeal plexus, as well as tonsillar branch 
of lingual vein (3). Through fine radicals of pharyngo- 
vertebral veins, posterior nasopharyngeal region (indi- 
cated by cross-hatching; 4), drains through pharyngobasilar 
fascia and anterior atlanto-occipital region to communi- 
cate with periodontoidal plexus and epidural veins. (Re- 
printed with permission. !) 


demonstrable by fine dissection. The vertebral arter- 
ies are entirely surrounded by components of the 
suboccipital sinus where they penetrate the dura. 
These veins, at this point, receive fine venules from 
an intradural venous cuff that envelops the first 
several millimeters of the intradural segment of the 
vertebral arteries. Similarly, but on a finer scale, the 
upper cervical vertebral nerves show an epidural 
venous cuff that receives communications from the 
meningeal veins related to the venous drainage of the 
regional nerve roots and spinal cord. When it is 
considered that none of this venous system complex, 
from the nasopharyngeal radicals to the radiculo- 
medullary veins, contains valves, the blood flow may 
be reciprocal at any point in response to pressure 
variations. Rapid injection of a solution contami- 
nated by oral flora, or even a transient increase in 
vertebral epidural sinus pressure in response to a 
Valsalva maneuver, may momentarily drive epidural 
venous blood and its contaminants into the intradural 
meningeal regions. It is likely that such retrograde 
flow of blood occurs in the physiologic state, but is 
not arisk factor for meningitis, as this blood is sterile. 


DISCUSSION 


Meningitis is a rare complication of tonsillectomy 
or adenoidectomy. A computerized review of the 
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Fig 3. Photograph of cleared and transilluminated para- 
Sagittal section of lateral pharyngeal wall, basiocciput, 
and upper cervical vertebrae from fetus of 32 weeks’ 
gestation. In this specimen, medium had filled jugular 
system of one side, as well as epidural venous sinuses. 
Branches of maxillary and pharyngeal veins (8) can be 
seen receiving tributaries from lateral walls of oropharynx 
and nasal cavities. Medium that filled epidural sinuses (9) 
passed in retrograde flow through periodontoidal plexus 
that envelops odontoid process (3). Medium also passed 
anterosuperiorly through pharyngovertebral vein (6) ly- 
ing ventral to basiocciput (1) to fill fine plexus (5) sur- 
rounding torus tubarius (4). Posterior pharyngeal! wall (7) 
delineates retropharyngeal cleft between it and body of 
axis (2). (Reprinted with permission. !) 


world’s literature revealed only seven cases. This is 
surprising, given the level of bacterial contamination 
in the nasopharynx and the known 40% incidence of 
bacteremia following tonsillectomy and adenoidec- 
tomy.!!:!4 When our first child developed meningitis 
3 days after surgery, we were concerned, but felt that 
it was either a chance event or the result of spread of 
Organisms from the bloodstream to the CNS. A 
chance explanation could not be invoked when a 
second case occurred in short order. This is supported 
by our literature search and analysis suggesting that 
two episodes of meningitis in 5 months in a popula- 
tion of 800 otherwise healthy children is less than a 
one in a million occurrence. 


Aberrant communications between the nasophar- 
ynx and subarachnoid space, especially nasopharyn- 
geal encephaloceles, have been associated with men- 
ingitis after adenoidectomy.*:! Both of our patients 
were studied and had normal skull bases. 





Fig 4. Photograph of posterior aspect of plastic cast of 
upper cervical veins and arteries from term fetus. Medium 
had entered region by vertebral arteries (1), but had also 
filled upper cervical epidural veins by way of numerous 
arteriovenous anastomoses characteristic of this area. Left 
pharyngovertebral veins (3) are shown connecting to 
periodontoidal plexus that outlines “ghost” of corroded 
odontoid process (2). Similar vein on other side of midline 
(4), indicated by dots, was broken in corrosion process (2). 
Posterior and ascending artery of axis that supplies odon- 
toid is indicated by two white arrows (5). (Reprinted with 
permission. !) 


We must assume that CNS contamination in our 
patients resulted from the injection technique used. 
Our cadaver study shows that direct penetration of 
the subarachnoid space by a needle inserted into the 
adenoid bed is not possible. This leaves retrograde 
venous flow of contaminated injection fluid as the 
most likely mechanism. Fetal injection studies clearly 
demonstrate that valveless venous anastomoses exist 
extending from the nasopharyngeal submucosa to the 
subarachnoid space. The pharyngovertebral veins 
penetrate the anterior atlanto-occipital membrane to 
communicate with the suboccipital venous sinus (of 
Zolnai) that is an expansion of the spinal epidural 
veins in the C1-2 region of the spinal canal.!4:!> Small 
venous radicals connect this sinus complex with the 
Surrounding osseous and connective tissues of the 
upper cervical region and provide access to the lepto- 
meninges. 


Retropharyngeal injection of vasoconstrictive 
agents during adenoidectomy or prior to the resection 
of vascular tumors is not new. Centers in the United 
States, Australia, and Germany!® (also B. Benjamin 
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and D. Parsons, personal communication, 1995) con- 
tinue to use this technique, at least in selected cases. 
While injection of vasoconstrictor clearly decreased 
intraoperative bleeding and improved visualization 
during adenoidectomy, we abandoned this approach 
in 1993 and have had no additional cases of meningi- 
tis since. Injection of the vascular soft tissues of the 
head has been associated with ophthalmic and in- 
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tracranial complications in the past.!7:!8 Given this 
newly demonstrated vascular pathway to the CNS, 
retropharyngeal injection of anesthetic agents should 
be avoided unless absolutely necessary for control of 
bleeding. Care to avoid intravascular injection and 
slow injection of the minimum volume of agent may 
reduce the risk of retrograde venous flow and CNS 
contamination. 
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This study represents the first attempt to electrically pace the paralyzed human larynx. The goal was to determine if electrical 
stimulation of the posterior cricoarytenoid muscle could produce functional abduction of the vocal fold in pace with inspiration. An 
external apparatus was used to sense inspiration and reanimate the unilaterally paralyzed larynx of a thyroplasty patient. Stimuli were 
delivered through a needle electrode to locate and pace the abductor muscle. The magnitude of electrically induced abduction was 
comparable to spontaneous movement on the normal side, The abduction was appropriately timed with inspiration; this finding 
demonstrated that this simple pacing system could effectively modulate stimulation with patient respiration. 


KEY WORDS — functional neuromuscular stimulation, human, laryngeal pacing, muscle paralysis, posterior cricoarytenoid 


muscle. 


INTRODUCTION 


Recurrent laryngeal nerve injury compromises both 
abductory and adductory function of the vocal folds. 
In case of bilateral nerve damage, both folds are 
paralyzed in the paramedian position, severely re- 
stricting ventilation. The loss of abduction often 
requires emergency tracheotomy to create a func- 
tional airway. 


Conventional methods of treatment for bilateral 
laryngeal paralysis are less than ideal. Surgical thera- 
pies such as arytenoidectomy, arytenoidopexy, or 
vocal foldresection enlarge the glottis, but jeopardize 
voice and airway protection. These procedures are 
also destructive and irreversible, and tend to ignore 
the long-term effects of atrophy on vocal fold mass 
and position. Consequently, efforts have been di- 
rected toward a more physiologic approach to reha- 
bilitation that can reanimate the muscles of the lar- 
ynx, prevent denervation atrophy, and restore vocal 
fold abduction. One such innovative approach is 
laryngeal pacing. This strategy involves electrical 
stimulation of the posterior cricoarytenoid (PCA) 
muscles during the inspiratory phase of respiration to 
abduct the vocal folds. During noninspiratory phases, 
the folds passively relax to the midline for voicing 
and deglutition. 


Use of functional neuromuscular stimulation (FNS) 
to reanimate laryngeal muscles was conceived and 
introduced into the field of otolaryngology by Zealear 
and Dedo.! Subsequent studies of abductor pacing 
have been conducted in acute animal preparations. 


Obert et al? stimulated PCA muscles to restore full 
abduction in bilaterally denervated canines, and sug- 
gested that stimulation be synchronized with inspira- 
tion. Bergmann et al? demonstrated the plausibility of 
respiratory regulation of stimuli, using a chest wall 
sensor to trigger stimulation of canine abductors. 
Other investigators have explored different sources 
of inspiratory drive*-6 (also Herzon and Zealear, un- 
published observations) and determined that changes 
in intrathoracic pressure appeared to offer the most 
reliable trigger signal. Sanders’ systematically evalu- 
ated the stimulus-response characteristics of chemi- 
cally denervated canine PCA muscles. Recently, 
Zealear et al® described a stimulus delivery system 
and optimum stimulus parameters for activation of 
chronically denervated PCA muscles. 


A paucity of studies have addressed the challenge 
of chronic electrical pacing. Zrunek et al? described 
continuous pulsed stimulation of the denervated PCA 
muscle in sheep. Muscle contractility and evoked 
abduction were maintained with stimulation over a 2- 
month period. Zealear et al (unpublished observa- 
tions) explored the effects of continuous train stimu- 
lation on the chronically denervated canine PCA 
muscle. Significant changes in muscle physiology, 
biochemistry, and the pattern of reinnervation were 
observed. 


To date, there has been no study of electrical 
pacing in the human. The objectives of the present 
study were 1) to determine if electrical stimulation of 
a paralyzed human PCA muscle would result in 
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Fig 1. Schematic of external pacing system. Respiratory 
transducer had sufficient sensitivity to sense chest wall 
expansion against closed glottis. For prolonged or chronic 
pacing sessions, stimulator was equipped to deliver charge- 
balanced biphasic pulses. Under such conditions, bipolar 
stimulation would be administered with both electrodes in 
posterior cricoarytenoid muscle to prevent activation of 
extralaryngeal structures. 


functional abduction of the vocal fold, and if so, 2) to 
determine if vocal fold abduction could be electri- 
cally paced with the inspiratory phase of respiration 
by means of an external circuit. 


METHODS 


The subject in the study was a 16-year-old boy with 
a right vocal fold paralysis following resection of a 
carotid body tumor 5 months previously. Surgery 
was performed under local anesthesia with intrave- 
nous sedation. The thyroplasty procedure employed 
a refinement of the original technique of Isshiki et 
al.!9 Prior to the surgery, a plethysmographic trans- 
ducer belt (Pneumotrace) was placed around the 
patient’s chest to monitor inspiratory effort. A flex- 
ible nasopharyngoscope was positioned above the 
larynx to record spontaneous and evoked vocal fold 
movement videographically. A horizontal incision 
was made in the anterior neck. The thyroid ala was 
exposed and rotated to provide easy access for stimu- 
lation of the PCA muscle on the paralyzed side. A 22- 
gauge Teflon-insulated hypodermic needle with ex- 
posed tip (TECA) served as the stimulating (cathode) 
electrode. The needle was inserted along the poste- 
rior border of the thyroid lamina to target the middle 
portion of the laryngeal abductor muscle. A second 
TECA needle placed in skin over the neck midline 
served as the reference (anode) electrode. 


The external apparatus used to pace the PCA 
muscle is shown in Fig 1. The system combined 
conventional equipment and common circuit ele- 
ments in the following sequence: respiratory belt 
transducer, bridge, amplifier, gate, stimulator, pa- 
tient stimulus isolation unit, and stimulus electrodes. 
Steady state voltages arising from stretch of the 


transducer around the chest were nulled out by the 
bridge. Respiratory signals generated during chest 
expansion were then amplified and filtered by the 
amplifier. These signals were fed into a threshold 
detector or gate that established the length of time that 
the stimulus would be turned on during inspiration. 
The parameters of the gated stimulus were controlled 
by the stimulator. The output stimuli were delivered 
to the electrodes through an isolation unit. With this 
design, stimuli triggered and gated by the respiratory 
cycle could be modulated to effectively pace contrac- 
tion of the PCA muscle with each inspiration. 


Prior to pacing, the system was used to locate the 
PCA muscle. The stimulator was set to continuously 
deliver pulses at a frequency of 1 Hz. A low-fre- 
quency stimulus was chosen in order to avoid changes 
in heart rate that could result from inadvertent activa- 
tion of the vagus. Twitch responses of the larynx on 
the paralyzed side were observed on the video moni- 
tor during advance of the cathode electrode. These 
responses could be attributed to nonspecific activa- 
tion of structures external to the larynx, such as the 
internal laryngeal nerve or strap muscles. When the 
electrode tip found the PCA muscle, isolated abductive 
twitches of the paralyzed vocal fold were observed. 


System parameters were then adjusted to generate 
a PCA contraction effecting a smooth vocal fold 
abduction. This was achieved with a stimulus train of 
1.5 seconds at a tetanizing frequency of 30 Hz. The 
pulse duration was set at 2 milliseconds to optimally 
activate denervated muscle fibers, as previously de- 
termined in a canine study.’ Stimulus intensities 
ranging from 1 to 10 mA were explored to assess 
changes in magnitude of abduction. 


The utility of the system as a laryngeal pacemaker 
was investigated. The stimulator was returned to the 
control of gated signals derived from the respiratory 
transducer, Circuit parameters were adjusted to de- 
termine if abduction of the paralyzed vocal fold could 
be synchronized with inspiration. Finally, the capac- 
ity of laryngeal pacing to achieve functional abduc- 
tion was evaluated by comparing the evoked vocal 
fold motion to spontaneous movement on the normal 
side. 

RESULTS 


Endoscopic videographs of the patient’s vocal 
folds are shown in Fig 2. Figure 2A shows the vocal 
folds at rest. During phonation, the left vocal fold 
adducted to approximate the paralyzed fold (Fig 2B). 
Upon deep inspiration, the left vocal fold abducted 
beyond the rest position (Fig 2C). In contrast, there 
was an absence of associated movement of the right 
vocal fold during these behaviors, indicating a com- 
plete unilateral laryngeal paralysis. 
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After the cathode electrode had been positioned 
within the PCA muscle, the system parameters were 
optimally adjusted to evoke a smooth abduction. The 
relationship between stimulus intensity and vocal 
fold displacement was investigated. Amplitudes from 
1.5 to 7 mA covered the entire dynamic range of 
responses from threshold to maximum. 


Figure 3 shows a sequence of endoscopic images 
captured at various time points during paced stimula- 
tion of the PCA muscle. In the lower right corner of 
each frame, oscillographic tracings from the respira- 
tory sensor (upper trace), gate (middle trace), and 
stimulator (lower trace) are shown over the course of 
three respiratory cycles. In the respiratory recording, 
the onset of an inspiration was denoted by an upward 
deflection. The gate was set for activation at a rela- 
tively low threshold, such that stimuli were delivered 
over a considerable portion of each inspiratory phase. 
The arrow in each frame indicates the time point in 
the pacing cycle at which the endoscopic image was 
obtained. The series of videographs in Fig 3A-C 
illustrate opening of the glottis during the onset of 
paced stimulation, while Fig 3D-F shows closing of 
the glottis during the offset of a pacing cycle. The 
timing of evoked abduction was consistently syn- 
chronized with inspiration, owing to the fact that 
stimulation was reproducibly gated with respiration. 


The magnitude of abduction generated by paced 
stimulation could be appreciated by the progressive 
lateral displacement of the arytenoid in each still 
frame (Fig 3A-C). The extent of right-sided abduc- 
tion was impressive. In fact, the increase in glottal 
area could be largely attributed to right-sided abduc- 
tion, in view of the nominal level of spontaneous 
movement on the contralateral side. Finally, the level 
of paced abduction was clearly functional when com- 
pared to left-sided abduction during maximum in- 
spiratory effort (Fig 1C). At the end of a pacing cycle, 
the vocal fold returned to the midline (Fig 3D-F) to 
allow for phonation and airway protection. This at- 
tested to the physiologic nature of electrical pacing, 
in that glottal opening was only induced during 
inspiration, to provide for ventilation. 


DISCUSSION 


This investigation represents the first report of 
electrical pacing in the human larynx. By means of a 
simple system, paced vocal fold abduction in syn- 
chrony with inspiration was successfully demon- 
strated. The magnitude of abduction generated was 
functional, and sufficient to improve ventilation. The 
stimulus parameters previously identified as appro- 
priate and complementary for activation of dener- 
vated PCA muscle in the canine® were found effec- 








Fig 2. Endoscopic videographs of patient with unilateral 
laryngeal paralysis. Glottis is shown A) at rest, B) during 
phonation, and C) upon maximal inspiratory effort. Right 
vocal fold is paralyzed in paramedian position and does 
not participate in abduction or adduction. 


tive in activating human laryngeal muscle. 


This study is an initial step toward clinical inves- 
tigation of FNS treatment for laryngeal paralysis. As 
presented in the paper, a patient with unilateral pa- 
ralysis is an ideal model for preliminary evaluation of 
laryngeal pacing. Surgical exposure of the larynx 
during thyroplasty allows controlled insertion of elec- 
trodes for external pacing while the patient is under 
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Fig 3. Endoscopic images during paced stimulation of paralyzed posterior cricoarytenoid muscle. A-C) Vocal fold 
abduction during onset of pacing. D-F) Passive return of vocal fold to midline with offset of stimulation. Oscillographic 


recordings from respiratory transducer, gate, and stimulator appear in right corner of each frame. Stimuli were delivered 
consistently at 30 Hz, but pulse trains appeared irregular because of aliasing by digital storage oscilloscope at low sweep 
speeds. Arrow — time point in pacing cycle at which endoscopic image was captured. 


local anesthesia and sedated. Although the model is 
unilateral paralysis, the primary clinical focus of this 
technology is to restore glottal opening in the bilater- 
ally paralyzed patient. An external approach would 


provide a means for screening patients who are can- 
didates for pacemaker implantation. Specifically, 
patients with poor stimulated abduction would be 
excluded from surgery by this noninvasive test. 
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In addition to serving as a diagnostic tool, external 
electrical pacing may have direct therapeutic value. 
In canine studies, chronic stimulation of denervated 
PCA muscles prevented muscle fiber atrophy and 
enhanced contractile strength (Zealear et al, unpub- 
lished observations). Further, in cases in which nerve 
regeneration was allowed, FNS appeared to influ- 
ence the pattern of reinnervation in a beneficial way 
(Zealear et al, unpublished observations). In particu- 
lar, selective reinnervation by intrinsic nerve fibers 
was encouraged, while reconnection by foreign fi- 
bers was repressed. Remarkably, these effects were 
produced with application of FNS over a period of 
only 3 to 5 weeks. In the patient, repeated clinical 
application of external pacing in electrotherapeutic 
sessions may maintain muscle mass and promote 
appropriate reinnervation, thereby avoiding synkine- 
sis. 


Finally, external pacing may serve in a functional 
capacity to provide the patient a means of dynamic 
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ventilation while awaiting reinnervation. The appa- 
ratus could function as an assistive device during 
physical exertion, or at night to prevent sleep apnea. 
An external pacemaker would have advantages over 
an implantable one in this instance. A multielectrode 
array or microstimulator would be the only invasive 
component and could be introduced through the 
TECA stimulating needle.! The electrode array could 
be activated transcutaneously by a radio frequency or 
current induction means. Both physician and patient 
would have complete access to pacing components 
for parameter adjustment. Such a portable external 
pacing system could be used on a short- or long-term 
basis, depending on the needs of the patient. 


If employed as a diagnostic screening tool, as a 
clinical therapy, and as an assistive technology dur- 
ing reinnervation, external laryngeal pacing may 
provide a means for complete rehabilitation of the 
paralyzed larynx without need for further interven- 
tion. 
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Agger nasi cells contribute to nasofrontal duct (NFD) obstruction and chronic frontal sinus disease. To investigate this relationship, 
we conducted a review of the surgical outcome and computed tomographic imaging in 26 patients with chronic frontal sinusitis. Coronal 
and sagittal images were used to delineate the anatomic variability and mucosal disease in the NFD and frontal sinus region. Data from 
coronal and sagittal images were compared, The results were also correlated with the outcome of frontal sinus surgery in patients with 
a clinical history of chronic frontal sinus disease. Our data suggest that agger nasi cell pneumatization with narrowing of the frontal sinus 
outflow tract is a significant cause of persistent frontoethmoid pain and chronic frental sinusitis. Sagittal reformatted images are more 
capable than coronal images of demonstrating agger nasi cell encroachment on the NFD, as well as NFD mucosal disease. Endoscopic 
frontal sinusotomy is an effective treatment for chronic frontal sinus disease. 


KEY WORDS — agger nasi cell, frontal sinus, frontal sinusitis, nasofrontal duct. 


INTRODUCTION 


Chronic frontal sinusitis presents a challenging 
diagnostic problem for the otorhinolaryngologist. 
Frontoethmoid pain may be the solitary presenting 
symptom. Pathologic findings on nasal endoscopy 
are often absent. Computed tomography (CT) scan- 
ning in the coronal plane with sagittal reformatted 
images may demonstrate frontal sinus mucosal dis- 


ease, as well as frontal sinus outflow tract obstruc- - 


tion. 


Endoscopic frontal sinusotomy permits inspection 
of the frontal sinus and frontal recess, and the re- 
moval of obstructing anterior ethmoid cells and dis- 
eased mucosa, restoring frontal sinus drainage.!-3 
Schaefer and Close! found in their series of 36 pa- 
tients that the most appropriate candidates for en- 
doscopic frontal sinusotomy were those with either 
frontal recess or anterior ethmoid obstructive dis- 
ease, as well as those with diseased mucosa or mu- 
coceles in the medial aspect of the frontal sinus. 


The agger nasi is a small crest of bone located in the 
lateral nasal wall just anterior and superior to the 
anterior attachment of the middle turbinate. Pneu- 
matization of the agger nasi bone creates an air cell, 
the agger nasi cell, that may expand sufficiently to 
encroach upon the medial aspect of the frontal sinus 
floor, narrowing or obstructing the nasofrontal duct 
(NFD; Fig 1).4-’ Therefore, the agger nasi cell has 
been implicated in the pathogenesis of persistent 
frontoethmoid sinus pain and chronic frontal sinusi- 
tis. 


To investigate the role of the agger nasi cell as a 
cause of NFD obstruction and chronic frontal sinus 
disease, we studied the relationship of the NFD and 
frontal recess to the agger nasi cell with the use of CT 
in the coronal plane along with sagittal reformatted 
images. The outcome of medical and surgical man- 
agement, including endoscopic frontal sinusotomy 
with removal of agger nasi cells, is reviewed and 
correlated with findings from CT scan images. 


METHODS 


The medical records and surgical findings of 26 
patients who presented with a clinical history of 
chronic frontal sinusitis were retrospectively re- 
viewed. Noncontrast coronal CT scans of the parana- 
sal sinuses were available for review in 24 patients. 
All CT examinations included contiguous 3-mm- 
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Fig 1. Agger nasi cell and its relationship to nasofrontal 
region. 
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Fig 2. (Case 1) A) Coronal computed tomography (CT) scan shows bilateral agger nasi cell pneumatization (white arrows) and 





mucosal disease in region of nasofrontal duct (black arrow). B) Sagittal reformatted image shows frontal sinus (thin black arrow) 
and agger nasi cell (thick black arrow) encroaching on nasofrontal duct (white arrow). 


thick coronal sections through the paranasal sinuses 
angled perpendicular to the hard palate. Supplemen- 
tal contiguous 1.5-mm-thick axial sections through 
the frontal sinuses and frontal sinus outflow tracts 
were obtained in 4 patients. Contiguous reformatted 
sagittal images through the NFD using 1-mm-thick 
sections were obtained in 8 patients. The sagittal 
images were derived either from the coronal images 
(4 patients) or from the axial images (4 patients). 


Patients were divided into two groups: those who 
were treated surgically (21 patients) and those who 
responded to medical therapy (5 patients). The coro- 
nal CT scans of 28 frontal sinuses that were treated 
surgically (surgical frontal sinuses [SFSs]) were com- 
pared to the coronal CT scans of 20 frontal sinuses 
that were not treated surgically (nonsurgical frontal 
sinuses [NSFSs]). Included in the NSFS group were 
the sinuses in patients who responded to medical 
therapy, as well as the nonsurgical sinus in patients 
who underwent unilateral surgery. Coronal CT scans 
in 11 of the sinuses in the SFS group and 2 of the 
sinuses in the NSFS group showed evidence of pre- 
vious surgery. Evidence of previous sinus surgery in 
sagittal reformatted images was present in 4 of the 
sinuses in the SFS.group and in 2 of the sinuses in the 
NSFS group. 


The CT images were interpreted by a single ob- 
server without knowledge of the clinical history. The 
coronal images were analyzed for the presence of 
frontal sinus mucosal disease, anterior ethmoid mu- 
cosal disease, NFD or frontal recess mucosal disease, 
pneumatization of the agger nasi, and agger nasi cell 
encroachment upon the NFD or frontal recess. 


Sagittal images were assessed for the presence of 
NFD or frontal recess mucosal disease and agger nasi 
cell encroachment on the NFD or frontal recess. Data 


from coronal images and sagittal reformatted images 
were then compared. 


The majority of patients treated surgically under- 
went endoscopic ethmoidectomy with frontal sinus- 
otomy and removal of agger nasi cells. While the 
surgical procedures vary slightly as dictated by the 
individual’s anatomy, the standard surgical tech- 
nique is as follows. After the infundibulotomy, the 
agger nasi cell is visualized endoscopically with a 0° 
telescope. If this cell is significantly pneumatized, it 
may be separated from the lateral surface of the 
middle turbinate by infracturing its anterior and me- 
dial wall. The agger cell wall is resected with up- 
biting forceps to reveal the agger nasi cell dome. A 
30° or 70° scope is now used for visualization. At this 
point, care should be exercised to differentiate a 
superiorly placed dome from the frontal recess. A 
probe or frontal curette is utilized to palpate the 
middle turbinate and posterior wall of this dome. If a 
separate cell wall is noted, up-biting forceps or a 
frontal giraffe forceps is employed to resect these 
remnants until the frontal ostium is clearly identified. 
This technique essentially marsupializes an expanded 
frontal recess because of the presence of this agger 
nasi cell. Instrument trauma to the mucosa of the 
frontal recess and ostium must be avoided, since scar 
tissue may form, creating secondary NFD stenosis. 


The outcome of frontal sinus surgery was evalu- 
ated by patient report of the resolution of preopera- 
tive symptoms, and findings on postoperative nasal 
endoscopy. These surgical results were evaluated 
and correlated with preoperative CT scan findings. 
All surgical management and postoperative care was 
performed by the senior author (J.B.J.). 


CASE REPORTS 
Case l. A 37-year-old woman experienced recur- 
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Fig 3. (Case 2) A) Coronal image demonstrates agger nasi cell pneumatization (larger black arrows) and mucosal disease in 
frontal sinus (curved black arrow) and nasofronta! duct region (small black arrows). B) Sagittal image shows enlarged agger 
nasi cell (straight black arrow) and mucosal disease in frontal sinus (curved black arrow) and in nasofrontal duct (white arrow). 


rent bilateral frontoethmoid headache and rhinorrhea 
despite aggressive medical management with antibi- 
otics, steroids, and antihistamines. Nasal end oscopy 
revealed enlarged agger nasi cells bilaterally, along 
with frontal recess mucosal edema and middle turbi- 
nate deformities. Coronal CT scans demonstrated 
agger nasi cell pneumatization bilaterally, with soft 
tissue densities in the anterior ethmoid drainage path- 
ways (Fig 2A). Sagittal reformatted images of the 
nasofrontal region illustrated exuberant pneumatiza- 
tion of the agger nasi cells bilaterally, with encroach- 
ment upon the frontal recess and nasofrontal duct 
(Fig 2B). The patient underwent bilateral endoscopic 
frontal sinusotomies with removal of obstructing 
agger nasi cells and mucosal disease. She has re- 
mained asymptomatic since the time of her surgery 
11 months ago. 


Case 2. A 50-year-old woman had experienced 
four or five episodes of frontal sinusitis per year for 





Fig 4. (Case 3) Coronal image reveals enlarged agger nasi 
cell (larger black arrows) and mucosal disease in frontal 
recess region (small black arrow) and frontal sinus (white 
arrow). 


the past 10 years. Her symptoms included fronto- 
ethmoid headaches, facial pain, rhinorrhea, and nasal 
obstruction. The episodes of acute frontal sinusitis 
recurred despite adequate treatment with antibiotics. 
Endoscopic examination showed frontal recess mu- 
cosal edema. Agger nasi cell pneumatization was 
demonstrated bilaterally on coronal CT scan images 
(Fig 3A). The agger nasi cells encroached on the 
frontal recesses and anterior ethmoid cell complexes. 


Sagittal reformatted images confirmed the pres- 
ence of mucosal disease in the NFDs and frontal 
recesses (Fig 3B). Endoscopic frontal sinusotomies 
with removal of the agger nasi cell dome were per- 
formed. Postoperative nasal endoscopic examination 
revealed patent nasofrontal ducts. The patient has 
been asymptomatic since her surgery 1 year ago. 


Case 3. A 33-year-old man reported a long history 
of recurrent bilateral frontoethmoid pain, with at least 
10 episodes of frontal sinusitis per year. He had no 
response to prolonged courses of steroids, antibiot- 
ics, and nasal steroid sprays. Frontal recess and 
middle meatus edema were found on nasal endo- 
scopic examination. The CT scan images revealed 
enlarged agger nasi cells with encroachment on the 
frontal recess (Fig 4). Resultant mucosal disease was 
depicted in the frontal sinus, NFD, and anterior 
ethmoid cell complex. The patient underwent bilat- 
eral endoscopic frontal sinusotomies with removal of 
obstructing agger nasi cells. The patient remains 
asymptomatic 1 year postoperatively. 


RESULTS 


Patient Background. From May 1990 to March 
1994, 26 patients (13 men, 13 women) were evalu- 
ated and treated for chronic frontal sinusitis. The 
average age of the patients was 43 years, with arange 
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TABLE 1. PATIENT BACKGROUND 
No. of Patients 


(N = 26) 

No. of male patients 13 
Frontoethmoid mucocele 4 
Nasal polyposis 2 
Previous sinus surgery (range, 1 to 4 

procedures per patient) 10 
Previous frontal sinus surgery 2 
Type of previous surgery 

Unilateral endoscopic ethmoidectomy 7 

Bilateral endoscopic ethmoidectomy 4 

Caldwell-Luc procedure 2 

Endoscopic frontal sinusotomy l 

External frontoethmoidectomy l 

Septoplasty with turbinectomies l 


Mean age of patients was 43 years (range, 18 to 74, years). 


from 18 to 72 years. Four patients had frontoethmoid 
mucoceles, and 2 patients had extensive nasal poly- 
posis. Ten of the 26 patients had undergone previous 
sinus surgery notinvolving the frontal sinus, while an 
additional 2 patients had previous frontal sinus sur- 
gery (Table 1). 


The predominant symptoms (Table 2) in patients 
with chronic frontal sinusitis included frontoethmoid 
pain and/or pressure (96%) and generalized facial 
pain and/or pressure (81%). Other notable symptoms 
were nasal obstruction (50%), generalized headaches 
(46%), rhinorrhea (31%), periorbital swelling (19%), 
and blurred vision (11%). Blurred vision and perior- 
bital swelling occurred most commonly in the pres- 
ence ofa frontoethmoid mucocele. Theclassic sinusitis 
symptom triad of sinus pain, nasal obstruction, and 
rhinorrhea only occurred in 19% (5/26) of patients. 
Nasal endoscopy (Table 2) revealed frontal recess 
mucosal edema in 69% of patients and frontal recess 
stenosis in 7% of patients. Nonspecific findings in- 
cluded polypoid nasal mucosa (77%) and septal de- 
viation (31%). Periorbital edema, globe displace- 
ment, and proptosis were found most frequently in 
patients with frontoethmoid mucocele. Purulent dis- 
charge from the middle meatus was only found in 1 
of the 26 patients. No patient had evidence of frontal 
recess purulence. 


Management of Chronic Frontal Sinus Disease. 
Chronic frontal sinusitis resolved with aggressive 
medical management (antibiotics, local deconges- 
tion, and topical steroid sprays) in 5 patients (19%). 


Twenty-one of the 26 patients (81%) had symptoms 


refractory to medical management and were treated 
with surgery (Table 3). Eighty-six percent of patients 
(18/21) underwent endoscopic frontal sinusotomy 
with anterior endoscopic ethmoidectomies and re- 
moval of any agger nasi cells. This procedure was 


TABLE 2. SYMPTOMS AND PHYSICAL FINDINGS 


Patients (N = 26) 





No. % 
Symptoms 
Frontoethmoid pain and/or 
pressure 25 96 
Generalized facial pain and/or 
pressure 21 81 
Nasal obstruction 13 50 
Generalized headache 12 46 
Rhinorrhea 8 31 
Periorbital swelling 5 19 
Blurred vision 3 12 
Physical findings 
Polypoid nasal mucosa 20 77 
Frontal recess edema 18 69 
Middle meatus disease 9 35 
Septal deviation 8 31 
Frontal sinus tenderness 5 19 
Frontal recess stenosis’ 2 8 
Nasal polyps 2 8 
Nasofrontal duct edema 2 8 
Periorbital edema 2 8 
Synechiae 2 8 
Globe displacement l 4 
Middle meatus purulence 1 4 
Proptosis 1 4 
Frontal recess purulence 0 0 


performed unilaterally in 11 patients and bilaterally 
in 7 patients. Placement of a frontonasal silicone 
catheter was needed in 2 of these patients to ensure 
sufficient drainage and ventilation of the frontal 
sinus. Two patients required combined external and 
endoscopic approaches. External ethmoidectomy 
alone was warranted in 1 patient. 


Fifteen of the 18 patients (83%) who underwent 
endoscopic frontal sinusotomy experienced either 
complete resolution or significant improvement of 
their frontoethmoid pain. Postoperative nasal endos- 
copy revealed patent NFDs. Two of the 3 patients 
who required either combined endoscopic frontal 
sinusotomy with an external frontal sinus approach 
or external frontoethmoidectomy reported resolution 
of their preoperative symptoms. 


Chronic frontal sinusitis persisted in 19% (4/21) of 
patients treated surgically. The continuation of fron- 
tal sinus disease occurred after endoscopic frontal 
sinusotomy in 3 of the patients and after endoscopic 
frontal sinusotomy with external frontal sinusotomy 
in a fourth patient. Frontal recess stenosis and/or 
NFD stenosis were found in 2 of the patients. Anoma- 
lous drainage of the NFD and NFD obstruction by an 
enlarged supraorbital ethmoid cell occurred in the 
third and fourth patients, respectively. All 4 patients 
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TABLE 5. CORONAL VERSUS SAGITTAL 
COMPUTED TOMOGRAPY FINDINGS 
(8 PATIENTS, 16 SINUSES) 


Surgical Nonsurgical 
Sinuses* Sinusest 
(N = 11) (N = 5) 


Sagittal Coronal Sagittal Coronal 


Anatomic Location No. % No. % No. % No. % 


Frontal recess or 
NFD mucosal 
disease 

Agger nasi cell 
encroaching on 
NED or frontal 














10 91 6 54 1 20 3 60 
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TABLE 3. MANAGEMENT. OF CHRONIC 
FRONTAL SINUSITIS 
No. of 
Patients 
Nonsurgical or medical management 5 
Surgical management 21 
Unilateral frontal sinusotomy, agger nasi 
cell dome removal 1] 
Bilateral frontal sinusotomy, agger nasi 
cell dome removal 7 
Combined endoscopic frontal sinusotomy 
with external frontoethmoidectomy l 
Combined endoscopic frontal sinusotomy 
with external frontal sinus trephination I 
External frontoethmoidectomy I 


required further surgical intervention. 


Computed Tomography Analysis. Analysis of coro- 
nal images (Table 4) revealed frontal sinus disease in 
82% of SFSs and 25% of NSFSs. Anterior ethmoid 
sinus disease was found in 93% of SFSs and in 40% 
of NSFSs. Disease in the NFD or frontal recess was 
demonstrated in 93% of SFSs and 65% of NSFSs. 
Agger nasi cell pneumatization was found in 54% of 
SFSs and 70% of NSFSs. Encroachment of the agger 
nasi cell on the frontal recess or NFD was detected in 
43% of SFSs and 50% of NSFSs. 


Analysis of coronal CT scans in patients with 
sagittal reformatted images (Table 5) demonstrated 
frontal recess or NFD mucosal disease in 54% of 
SFSs and 60% of NSFSs. In coronal images, agger 
nasi cell encroachment on the frontal recess or NFD 
was found in 45% of SFSs and 20% of NSFSs. 
Evaluation of sagittal images revealed frontal recess 


TABLE 4. CORONAL COMPUTED TOMOGRAPHY 
FINDINGS IN PATIENTS WITH FRONTAL SINUS 
DISEASE (24 PATIENTS, 48 SINUSES) 


Surgical Nonsurgical 
Sinuses* Sinusest 
(N = 28) (N = 20) 
Anatomic Location No. % No. % 
Frontal sinus mucosal 
disease 23 82 5 25 
Anterior ethmoid mucosal 
disease 26 93 8 40 
Frontal recess and/or NFD 
mucosal disease 26 93 13 65 
Agger cell (AC) 
pneumatization 15 54 14 70 
AC encroaching on NFD 
and/or frontal recess 12 43 10 50 


NFD —- nasofrontal duct. 
*Eleven sinuses had previous surgery. 
+Two sinuses had previous surgery. 


recess 9 8 5 45 1 20 1 20 
NFD — nasofrontal duct. 

*Four sinuses had previous surgery. 

+Two sinuses had previous surgery. 


or NFD mucosal disease in 91% of SFSs and 20% of 
NSFSs. Agger nasi cell encroachment on the frontal 
recess or NFD was found in 82% of SFSs and 20% of 
NSFSs in sagittal reformatted images. 


In comparison to coronal CT scans, sagittal refor- 
matted images (Table 5) demonstrated frontal recess 
or NFD mucosal disease in 37% more SFSs. Agger 
nasi cell encroachment on the NFD or frontal recess, 
in sagittal images, was present in 37% more SFSs 
than in coronal images. There was no difference in 
the presence of agger nasi cell encroachment on the 
frontal recess or NFD when coronal and sagittal 
images were compared in NSFSs. 


Surgical outcome after endoscopic frontal sinusot- 
omy was then correlated with preoperative CT scan 
findings (Table 6). Fifteen of 18 patients had im- 
provement or complete resolution of their symptoms 
after endoscopic frontal sinusotomy. 


In this group of patients, coronal images revealed 
frontal recess or NFD mucosal disease in 71%, agger 
nasi cell pneumatization in 78%, and agger nasi cell 
encroachment on the frontal recess or NFD in 64% of 
the patients. Sagittal reformatted images in these 
patients revealed frontal recess or NFD mucosal 
disease in 100% of the patients. Agger nasi cell 


TABLE 6. COMPUTED TOMOGRAPHY FINDINGS 
IN PATIENTS WITH IMPROVED SYMPTOMS 
AFTER FRONTAL SINUSOTOMY 


Coronal Sagittal 
Anatomic Location No. % No. % 
Agger nasi cell encroaching 
on NFD and/or frontal 
recess 9 64 5 83 
NFD or frontal recess 
mucosal disease 10 71 6 100 


Total 15 patients, 14 coronal images, 6 sagittal images available. 
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encroachment on the frontal recess or NFD was 
present in 83% of the patients. 


DISCUSSION 


Theembryologic frontal furrows or pits (outgrowths 
of the middle meatus in the frontal recess region) 
evaginate and pneumatize the frontal and anterior 
ethmoid regions in a variable pattern.° The agger nasi 
cell develops from the first frontal pit and communi- 
cates with the middle meatus medial to the uncinate 
process. The second frontal pit extends as an anterior 
ethmoid air cell to pneumatize the frontal region as 
the frontal sinus. The third and fourth frontal pits 
develop into anterior ethmoid cells that communicate 
with the middle meatus superior to the semilunar 
hiatus of the ethmoid infundibulum. The frontal sinus 
may develop by direct extension of the frontal recess 
or by extension of an anterior ethmoid cell, In the 
latter case, the NFD may be tortuous because of the 
impingement of neighboring anterior ethmoid cells, 
including the agger nasi cell. 


The agger nasi cell is the most constant and ante- 
rior of the anterior ethmoid air cells.4 The prevalence 
and location of the agger nasi cell varies in differing 
studies. In 1942, Van Alyea* reported its presence in 
89% of specimens. More recently, Bolger et al? 
encountered the agger nasi cell in 98.5% of patients. 
The agger nasi cell is bordered by the frontal process 
of the maxilla anteriorly, by the frontal recess and 
sinus superiorly, by the nasal bones anterolaterally, 
by the lacrimal bone inferolaterally, by the uncinate 
process inferomedially, and by the ethmoid infundibu- 
lum posteriorly.2®.9 Stammberger and Wolf’ and 
Kuhn et al? described its location as anterior and 
superior to the insertion of the middle turbinate on the 
lateral nasal wall. Kennedy and Zinreich!® stated that 
the agger nasi cell is located below the frontal sinus, 
extending to the frontal recess superiorly and to the 
lacrimal fossa inferolaterally. The agger nasi cell has 
also been described as originating from the anterior 
superior aspect of the infundibular groove.*. These 
variations in description may be secondary to the 
differing degrees of pneumatization of the agger nasi 
cell in conjunction with its complex relationship to 
the frontal, maxillary, lacrimal, and nasal bones. The 
agger nasi cell may pneumatize into the frontal recess 
and cause frontal sinus outflow tract obstruction, 
which leads to frontoethmoid pain and frontal sinus 
disease.? 


Because of the protean nature of the symptoms in 
chronic frontal sinusitis, the otorhinolaryngologist 
must have a high index of suspicion to make the 
appropriate clinical diagnosis. Frontoethmoid sinus 
pain may be the only evidence to indicate the pres- 
ence of chronic frontal sinusitis. In this series, the 
classic symptoms of sinusitis (sinus pain, nasal ob- 
struction, and rhinorrhea) occurred in fewer than 
20% of patients with chronic frontal sinusitis. Al- 
though frontal recess mucosal edema was detected on 
nasal endoscopy in the majority of cases, the absence 
of findings on nasal endoscopy does not rule out the 
presence of anterior ethmoid and frontal sinus dis- 
ease. 


In evaluating agger nasi cell encroachment on the 
NFD as a cause of chronic frontal sinusitis, sagittal 
reformatted images more clearly define this specific 
anatomic relationship. In addition, frontal recess or 
NFD mucosal disease is more clearly delineated. 
These radiologic findings correlated with anatomic 
relationships encountered during endoscopic frontal 
sinusotomies. Sagittal reformatted images provide 
the surgeon with valuable information concerning 
the course of the NFD and the nature of frontal sinus 
outflow tract disease. 


When sagittal reformatted images on patients who 
underwent surgery were reviewed, 82% demonstrated 
agger nasi cell encroachment on the NED or frontal 
recess, This result suggests that agger nasi cell en- 
croachment is a significant etiologic mechanism for 
chronic frontal sinusitis. Endoscopic frontal sinusot- 
omy is an effective surgical procedure for the treat- 
ment of chronic frontal sinusitis secondary to NFD 
obstruction. In this study, endoscopic frontal sinus- 
otomy was effective in relieving frontoethmoid pain 
in 83% of patients. 


CONCLUSION 


Agger nasi cell pneumatization with narrowing of 
the frontal sinus outflow tract is a significant cause of 
persistent frontoethmoid pain and chronic frontal 
sinusitis. Sagittal reformatted images, in comparison 
to coronal plane images, are superior in demonstrat- 
ing agger nasi cell encroachment on the NFD, as well 
as NFD mucosal disease. Sagittal] images are impor- 
tant in preoperative planning to define the course of 
the NFD. Endoscopic frontal sinusotomy is an effec- 
tive treatment for chronic frontal sinus disease. 
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COMPUTER-AIDED THREE-DIMENSIONAL RECONSTRUCTION 
IN HUMAN COCHLEAR MAPS: MEASUREMENT OF THE 
LENGTHS OF ORGAN OF CORTI, OUTER WALL, INNER WALL, 
AND ROSENTHAL’S CANAL 
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This paper describes the application of computer-aided three-dimensional reconstruction to measurements of the length of the organ 
of Corti (mean + SD, 35.58 + 1.41 mm), scala tympani outer wall (40.81 + 1.97 mm), scala tympani inner wall (18.29 + 1.47 mm), and 
Rosenthal’s canal center (15.98 + 1.33 mm) in eight adult male cochleas. The Rosenthal’s canal center ranged between 1°/4 and 2 turns, 
did not appear to be linearly related to the organ of Corti, and lay near the basal end of the latter. The length of the organ of Corti measured 
with three-dimensional reconstruction differed by 7.6% + 3.2% (“cutting angle difference”) from that derived from traditional two- 
dimensional reconstruction on the plane perpendicular to the plane of section, and by 2.6% + 1.7% (“geometric difference”) from that 
derived from two-dimensional reconstruction on the axial plane at right angles to the modiolar axis. 


KEY WORDS — anatomic measurement, cochlear length, computer model, cutting angle difference, geometric difference. 


INTRODUCTION 


Computer-aided three-dimensional (3-D) recon- 
struction can provide much valuable information 
about 3-D structures that are so small, fragile, and 
obscure that we cannot observe them without histo- 
logic processing and microscopic study. Three-di- 
mensional computer models have been generated 
from histopathologic specimens, computed tomog- 
raphy (CT) scans, and magnetic resonance imaging. 
They make it easy to recognize 3-D shapes of struc- 
tures and relationships among structures and enable 
us to quantify the distances (lengths), angles, areas, 
surface areas, volumes, etc. Recent publications have 
highlighted the potential for 3-D study of the struc- 
tures within the temporal bone, mainly from histo- 
logic sections, to define important anatomic relation- 
ships aimed at surgical anatomy of the stapes,! facial 
nerve,” vestibular end organ,? and cochlea,* etc. We 
are utilizing 3-D reconstruction from CT scans of the 
temporal bone in cochlear implant candidates as part 
of the preoperative examination and surgical plan- 
ning.®? On the other hand, a majority of investigators 
have used the approximate two-dimensional (2-D) 
graphic reconstruction technique introduced by Guild’ 
and Schuknecht? to map the organ of Corti (OC) for 
assessing cochlear function and pathology. How- 
ever, we believe it is difficult to recognize 3-D 
structures properly by using 2-D graphic reconstruc- 
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tion. Takagi and Sando!’ described one problem of 
studying temporal bones using traditional 2-D meth- 
ods: the “cutting angle” (the angle between the plane 
of section and the modiolar axis). They compared the 
length of the cochlea by 2-D and 3-D methods in a 
single case. 


We generated 3-D models of temporal bone sec- 
tion structures on a personal computer. This system 
enables us to measure several parameters (distances, 
angles, areas, surface areas, cross-sectional areas, 
volumes, etc) on 3-D structures, regardless of the 
angle at which the specimen was cut. This paper 
reports our method for the 3-D reconstruction of the 
cochlea and the quantification of cochlear structures: 
OC, outer wall (OW), inner wall AW), and Rosenthal’s 
canal center (RCC) from the basal end to the apical 
end. Knowledge of these distances is important for 
the placement of cochlear implants, as implant depth 
is apparently a factor in subsequent performance. !! 
The lengths of the OC measured by 3-D reconstruc- 
tion were compared with those measured by two 2-D 
methods. The lengths and fractional lengths of each 
parameter could be calculated for each quarter turn 
and for each corresponding position of the OC. That 
is, each structure could be mapped onto the OC. 


MATERIALS AND METHODS 
Materials. Eight temporal bones were used in this 


From the Department of Otolaryngology, University of Melbourne, Melboume, Australia. Dr Kawano is currently in the Department of 


REPRINTS — H. Lee Seldon, MD, Dept of Otolaryngology, University of Melbourne, 32 Gisborne St, East Melbourne, Victoria 3002, Australia. 


702 Kawano et al, Three-Dimensional Reconstruction in Human Cochlear Maps 










System Monitor 
a high-resolution 
(800x600 pixels) 

14 inch colour monitor 


ener ee CCD video camera 
H (Panasonic WV-CD20) 





* 

“ 

= 

# 

“s 

Led 

m 

m 

“m 

Lol 

M 

Lad 
r Ea 
363 8... 





Computer System 


Fig 1. Block diagram of our system. Equipment consists 
of personal computer, high-resolution (800 x 600) 14-in 
color monitor as system monitor, graphics monitor, CCD 
video camera (Panasonic WV-CD20), and microscope. 


study. They were obtained at postmortem examina- 
tion and were from men ranging from 67 to 79 years 
of age. A brief medical history was obtained, and 
temporal bones from patients thought to have suf- 
fered otosclerosis, obliterative labyrinthitis, or con- 
genital malformation, tumors, or fractures of the 
region were not included in this study. The bones 
were placed in formol-saline at 4°C for at least 48 
hours, and then rinsed in distilled water. The cochleas 
were decalcified in 14% ethylenediaminetetraacetic 
acid in neutral buffered formalin and embedded in 
Spurr’s resin. The blocked cochleas were sectioned at 
a thickness of 3 um, and sections from every 130 um 
were collected and stained with hematoxylin and 
eosin. 


Preparation of 3-D Reconstruction Images. The 
equipment consisted of a personal computer, a high- 
resolution (800 x 600 pixels) 14-inch color monitor 
as system monitor, a graphics monitor, a charge- 
coupled device video camera (the Panasonic WV- 
CD20), and a microscope (Fig 1). 


Temporal bone sections were viewed through the 
microscope and digitized through the video camera 
connected to the personal computer via a Data Trans- 
lation DT2851 frame-grabber card, as previously 
reported. The contrast and brightness of each image 
could be adjusted to optimize the contrast for the 
features of interest. With the cursor we manually 
marked and stored coordinates of the union of the 
pillar cells’ heads as the OC, the most lateral point of 
the scala tympani as the OW, the most medial point 
of the scala tympani as the IW, and a point in the 
center of Rosenthal’s canal as the RCC (Fig 2). Each 
set of data points describing the location of a feature 
in a section constituted an entry in the data file, with 
a corresponding line in an index file. Each index entry 
included the section number and feature number of 
the data set, plus the number of points in the data. 
After all relevant points of a given section had been 


stored, they could be displayed as ared overlay on the 
real-time image of the next serial section. Thus, the 
next section could be maneuvered until the best 
visual fit with all the borders of the previous section 
had beer: obtained. This position was then used for 
the point detection on the new section. Takagi and 
Sando!® put reference holes adjacent to the temporal 
bone specimen before sectioning, but our system 
allows us to use general histologic series with no 
artificial reference points. The 3-D reconstruction 
was made after all features obtained from sequential 
sections were sorted. Displaying the stored points for 
the OC alone showed a pseudo-~3-D spiral (Fig 38-10). 


Measurement of Length of OC. A distance map of 
the OC was made by summing the distances between 
successive pairs of points, starting at the basal end in 
the hook region (as Q) and continuing to the apical 
end. We excluded the few points that were clearly out 
of position. Furthermore, we measured the length of 
every quarter turn as defined by the following method. - 


Definition of Quarter Turns of OC. The schema for 
deciding the position of quarter turns of the OC is 
shown in Fig 4.1? First of all, the furthest point from 
the basal end (A0) on the OC is defined as one half 
turn (A0.5), and a line L0/0.5 is drawn through Ao and 
AOo.5. The furthest point from L0/0.5 in the lower basal 
turn is one quarter turn (A0.25); the furthest point in 
the upper basal turn is three quarter turns (A0.75, Fig 
4A). If the perpendicular line from L0/0.5 to A0.75 is 
extended and called L0.75, then the furthest point in 
the next half turn beyond A0.75 is A1.0, the end of the 
basal turn, and the perpendicular line from L0.75 to it 
is L1.0. Similarly, we now proceed iteratively, ex- 
tending the current line, finding the point furthest 
from it in the next half turn, labeling that point as the 
end of the next quarter turn and the line perpendicular 
to it as the next current line (eg, Fig 4B). 


In traditional 2-D reconstruction methods, Bred- 
berg’s!2 definition has been used (Fig 4C). He repre- 
sented the locations based on the angle around the 
helicotrema. But significant error could be expected 
from this subjective choice of a center, because the 
OC is not concentric around it. The eccentricity 
caused by using the helicotrema—hook region line as 
an axis affects the axis crossings, and thus, the quarter 
turn points up to the apical end. On the other hand, our 
method does not need to set the axis of revolution. It 
works with only the points in the OC coordinate set, 
and it is easy to determine a quarter turn from a half 
turn as described above. 


Measurement of Lengths of Every Quarter Turn 
and Every 4% Interval of OC. For each OC quarter 
turn, the lengths of the OC, OW, IW, and RCC were 
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Fig 2. Digitization of cochlear structures 
Temporal bone sections were viewed 
through microscope and digitized through 
video camera connected to personal com- 
puter via Data Translation DT285 1 frame- 


grabber card. Organ of Corti (OC, pink 
dots) was defined as union of pillar cells 
heads and was marked manually with 
cursor on display. Outer wall (OW, yel- 
low points), inner wall (IW, light blue 
points), and Rosenthal’s canal center 


(RCC, light green dots) were also marked 
manually. 





measured and presented as absolute values and as turn point (Fig 5). Furthermore, in view of individual 
fractions of the totals. The corresponding positions of differences, the lengths of the OW, IW, and RCC 
the OW, IW, and RCC were selected on the plane corresponding to every 4% interval of the OC were 
perpendicular to the line of the OC at each quarter measured the same as quarter turn points. 
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along original plane of Section; “cutting angle” is 29° in this case; this is view as used by Guild’ and Schuknecht.’ D) Axi 
aspect, projected onto plane perpendicular to modiolar axis (“cutting angle” compensated to 0° as described by 
Sando?0). 
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Fig 4. Schema for defining posi- 
tion of every quarter turn of OC. 
Details are described in text. A) 
Points in basal turn. B) Points in up- 
per basal and middle turns. AO — 
basal end of basal turn; A0.25 — 
point of one quarter turn; A0.5 — 
point of one half turn; A0.75 — 
point of three quarter turns; Al.0 — 
point of one turn; A1.25 — point 
of 11/4 turns; L0.25 — line at one 
quarter turn; LO.5 — line at one 
half turn; L0.75 — line at three 
quarter turns; L1.0 — line at one 
turn; L1.25 — line at 1!/4 turns. C) 
2-D reconstruction described by 
Bredberg.!? It shows locations of 
different angular measurements 
along OC. He set helicotrema as 
axis of revolution of OC, but OC 
is eccentric around helicotrema, 
and his quarter turn points are thus 
closer to apical end than ours. 


Measurement of Lengths of OC by 2-D Recon- 
struction Methods. For comparison, we also mea- 
sured lengths of the OC from two 2-D reconstruction 
methods. In one case, it was performed by traditional 
2-D reconstruction on the plane perpendicular to the 
plane of section®.? (Fig 3C), and in another case, 2-D 
reconstruction at right angles to the modiolar axis by 
rotation of the OC in 3-D space!9 (Fig 3D). In the first 
case, we call the angle between the modiolar axis and 
the plane of section the “cutting angle,” and the 
difference attributed mainly to this the “cutting angle 
difference”; it represents the difference between 2-D 
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reconstruction on the plane perpendicular to the plane 
of section and 3-D reconstruction. In the second case, 
we call the difference attributed to the pseudospiral 
structure of the OC the “geometric difference.” 


RESULTS 


Lengths of OC, OW, IW, and RCC. Table 1 shows 
the numbers of turns of the OC and RCC, and the total 
lengths of the OC, OW, IW, and RCC. The number of 
turns of the OC ranged from 25/8 (in six cochleas) to 
3, with an average of 2.69. The number of turns on the 


1668.86 


Fig 5. Graphic reconstruction and defi- 
nition of every quarter turn of OC, 
OW, IW, and RCC. Five lines show 
positions of quarter turns from basal 
end to 1!/4 turns on plane at right 
angles to modiolar axis. IW and RCC 
are not drawn beyond J !/4 turns. Pink 
dots — OC; yellow points — OW; 
light blue points — IW; light green 
dots — RCC; asterisk — position on 
OC corresponding to basal end of RCC. 
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TABLE 1. NUMBERS OF TURNS ON OC AND RCC, AND TOTAL LENGTHS OF OC, OW, IW, 


AND RCC FROM BASAL END 

Cochlea Turns of Turns of Length of Length of Length of Length of 

No. oC RCC OC (mm) OW (mm) IW (mm) RCC (mm) 
4 25/8 16/3 34.15 3793 17.51 15.38 
6 25/8 16/8 34.77 40.60 17.53 15.47 
7 26/8 17/8 34.52 39.67 17.04 14.73 
8 25/8 2 35.44 40.20 18.27 16.96 
9 25/8 2 34.16 39.52 16.99 14.73 
13 25/8 17/8 36.75 41.51 18.04 15.12 
17 3 2 36.98 43.22 21.17 18.38 
20 25/8 16/8 37.90 43.81 19.81 17.07 
Mean 25-5/8 17/8 35.58 40.81 18.29 15.98 

(2.69) (1.88) 

SD 0.11 0.12 1.41 1.97 1.47 1.33 
Max 3 2 37.90 43.81 21.17 18.38 
Min 25/8 16/8 34.15 37.93 16.99 14.73 


OC — organ of Corti, RCC — Rosenthal’s canal center, OW — outer wall, TW — inner wall. 


RCC were from 13/4 to 2, with an average of 1.88. The 
total lengths of the OC ranged between 34.15 and 
37.90 mm, with an average of 35.58 + 1.41 mm (mean 
+ SD). Similarly, the total lengths of the OW, IW, and 
RCC were 40.81 + 1.97, 18.29 + 1.47, and 15.98 + 
1.33 mm, respectively. 


The lengths and the percentages of totals of the 
OC, OW, IW, and RCC from the basal end to every 
quarter turn are shown in Table 2 and Fig 6. The 


average lengths of the basal turn, the second turn, and 
the apical turn of the OC were 20.91 mm (58.8%), 
10.15 mm (28.5%), and 4.52 mm (12.7%), respec- 
tively. Rosenthal’s canal is not found at the basal end 
of the OC (within 1.90 + 0.38 mm from the basal end), 
or beyond the second turns. The RCC ranged between 
13/4 and 2 turns; the average length of the basal turn 
was 12.87 mm (80.6%); that of the second turn was 
3.11 mm (19.4%). The halfway point of the OC is 
located at about three quarters of its basal turn, and 


TABLE 2. LENGTHS, AND PERCENTAGE LENGTHS IN PARENTHESES, OF OC, OW, IW, AND RCC FROM 
BASAL END, CALCULATED AT EVERY QUARTER TURN 


Turns OC OW IW RCC 
0 0 0 0 | (0) 
0.25 7.75 = 0.62 7.92 + 0.83 6.03 + 0.40 5.81 + 0.47 
(21.8 + 1.4) (19.4 + 1.7) (33.1 + 2.7) (36.5 + 3.28) 
0.5 12.94 + 0.87 13.85 + 1.13 9.05 + 0.82 8.92 + 0.68 
(36.3 + 1.9) (33.9 + 2.2) (49.6 + 3.63) (55.9 + 3.3) 
0.75 17.48 + 0.96 19.25 + 1.31 11.67 + 0.95 11.29 + 0.92 
(49.1 £ 1.4) (47,2 + 1.9) (63.8 + 2.1) (70.7 + 2.0) 
1 20.91 + 1.08 23.32 + 1.52 13.53 + 1.16 12.87 + 1.07 
(58.8 + 1.3) (57.1 + 2.1) (74.0 + 2.6) (80.6 + 2.1) 
1.25 23.97 = 1.23 27.07 + 1.64 15.05 + 1.20 14.09 + 1.17 
(67.3 + 1.4) (66.3 + 1.9) (82.3 + 2.61) (88.2 + 1.7) 
1.5 26.52 + 1.30 30.21 + 1.82 16.14 + 1.24 15.02 + 1.19 
(74.5 + 1.3) (74.0 + 2.0) (88.2 + 2.2) (97.4 + 1.1) 
1.75 28.85 + 1.36 33.18 + 1.86 16.99 + 1.21 15.58 + 1.28 
(81.1 + 1.2) (81.3 + 2.2) (93.0 + 2.3) (97.4 + 1.1) 
1.875 15.98 + 1.33 
| (100) 
2 31.06 + 1.45 35.81 + 2.01 17.67 + 1.27 
(87.3 + 1.6) (87.8 + 2.7) (96.7 + 1.3) 
2.25 32.95 + 1.52 38.37 + 2.05 17.96 + 1.27 
(92.6 + 1.5) (94.0 + 2.4) (98.2 + 1.1) 
2.5 34.63 + 1.55 40.25 + 1.88 18.17 + 1.40 
(97.3 £ 1.2) (98.6 + 0.9) (99.4 + 0.5) 
2.625 35.58 + 1.41 40.81 + 1.97 18.29 + 1.47 
(Total) (100) (100) (100) 
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Fig 6. A) Lengths and B) percentage lengths of OC, OW, 
IW, and RCC from basal end, calculated at every quarter 
turn. 


that of the RCC is just before half of the OC basal turn. 


The lengths and the percentages of the totals of the 
OW, IW, and RCC corresponding to the OC positions 
at 4% intervals are shown in Fig 7. The RCC started 
from the point corresponding to 5.3% + 1.9% of the 
OC; the points at 30%, 50%, and 70% of the RCC 
corresponded to those at 17.4%, 21.9%, and 48.6% of 
the OC, respectively; and the apical end of the RCC 
was at 85.0% of the OC length. The RCC does not 
appear to be linearly related to OC, lying closer to the 
basal end of the latter. Comparing the percentage 
lengths of the OC, OW, IW, and RCC, that of the OW 
is close to that of the OC, and that of the IW is close 


Kawano et al, Three-Dimensional Reconstruction in Human Cochlear Maps 





length from the basal end (mm) 


6 1i 2 3 4 5 8 7 8 %3 100 


percentage length of OC from the basal end 


> 


percentage length 
from the basal end 








B percentage length of OC from the basal end 


Fig 7. A) Lengths and B) percentage lengths of OW, IW, 
and RCC at 4% intervals along OC. RCC does not appear 
to be linearly related to OC, and shifts toward basal end. 


to that of the RCC generally, as would be expected 
from their physical proximity. The standard devia- 
tions of lengths at each quarter turn point and at 4% 
intervals tend to increase closer to the apical end, 
because the lengths of the eight cochleas are some- 
what different. 


Lengths of OC by 2-D Reconstruction Methods. 
Table 3 lists the lengths of the OC measured by 2-D 
reconstruction on the plane perpendicular to the plane 
of section (A*, Fig 3C), by 2-D reconstruction at right 
angles to the modiolar axis by rotation of the OC in 3- 
D space (B*, right-angle plane, Fig 3D), and by 3-D 
reconstruction (C). The value of A* was 32.88 + 1.29 


TABLE 3. COMPARISON OF LENGTHS OF OC BY 2-D AND 3-D METHODS 


Cochlea No. 4 6 7 
2-D length (mm) on plane 
perpendicular to plane of 


section (A*) 31.58 31.02 33.17 
“Cutting angles” (degree)t 13.5 9.2 5.8 
2-D length (mm) at axial 

” plane (B*) 33.55 33.74 33.69 
3-D length (mm) (C) 34.15 34.77 34.52 
Percentage “cutting angle 

difference”t (C-A*V/C E33 10.79 3.90 
Percentage “geometric 

difference” t (C-B*VC 1.76 2.96 2.40 


8 9 13 17 20 Mean SD 
33.96 31.94 33.43 3488 33.06 3288 1.29 
10.2 5.4 7.8 7 29 10.9 773 
34.74 33.47 34.32 36.40 37.47 34.67 1.49 
35.44 34.16 36.75 36.98 37.90 35.58 1.44 
417 648 9.04 569 12.78 7.55 3.15 
196 203 663 157 «12113 256 2173 


2-D reconstructions were performed by two methods: A* was traditional 2-D reconstruction on plane perpendicular to plane of section, and B* was 
2-D reconstruction at right angles to modiolar axis by spatial rotation of 3-D model. 3-D results are denoted by C. 


+Details are described in text. 
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TABLE 4. SUMMARY OF STUDIES OF OC LENGTH IN HUMANS 


Length of OC (mm) 

Authors Date Mean SD Range 
Hardy! 1938 31.5 23 25.3 = 35.5 
Walby!4 1985 32.6 21 30.1 - 36.4 
Pollak et al!5 1987 28.4 3.4 24.0 - 33.5 
Retzius!6 1884 33.5 0.8 32.0 - 34.0 
Bredberg!2 1968 33.2 3.8 28.2 - 40.1 

34.7 1.1 33.5 - 37.6 
Wright et al!? 1987 32.8 2.6 28.8 - 36.6 
Takagi and Sando!® 1989 36.4 
Sato et a]18* 1991 37.1 1.6 33.5 - 38.9 

32.3 1.8 29.7 - 34.7 
This study 35.6 1.4 34.2 - 37.9 


No. of Reference 
Cases Specimens Method of Measurement 
68 Human 2-D reconstruction method 
20 Human 2-D reconstruction method 
9 Human 2-D reconstruction method 
5 Human Direct method 
9 Fetal Direct method 
18 Adult 
12 Human Direct method 
1 Man 3-D reconstruction method 
9 Men 3-D reconstruction method 
9 Women 
8 Men 3-D reconstruction method 


*Sato et all® measured length of outer and inner margins of basilar membrane and used their average. 


mm; the “cutting angle difference” was 7.6% + 3.2%, 
and the “cutting angle” was 11.0° + 7.7°. The value of 
B* was 34.67 + 1.49 mm, and the “geometric differ- 
ence” was 2.6% + 1.7%. The lengths by both 2-D 
methods (A* and B*) were shorter than that from the 
3-D method (C). Among the eight cochleas, the OC 
of No. 20, which had the highest “cutting angle” 
(29°), had the highest “cutting angle difference” 
(12.8%, A*: 33.06 mm, Fig 3C, C: 37.90 mm); the 
“geometric difference” was 1.13% (B*: 37.47 mm, 
Fig 3D). 
DISCUSSION 


There are several reports about computer-aided 
reconstruction of the temporal bone and on the length 
of the human cochlea. Three types of methods of 
measuring the length have been described. First is the 
2-D reconstruction method (indirect method) used by 
Guild,’ Schuknecht,® Hardy,!3 Walby,!4 and Pollak 
etal!5; second is the direct method (surface specimen 
technique) used by Retzius,!© Bredberg,!2 and Wright 
etal!7; and last is 3-D reconstruction, used by Takagi 
and Sando! and Sato et al!® and in this study. The 
measured lengths of the human OC from these stud- 
ies are listed in Table 4,10.12-18 


The first method, the traditional 2-D reconstruc- 
tion method, was developed by Guild? and revised by 
Schuknecht?; relevant features marked on all serial 
sections are reconstructed and analyzed in one plane. 
Guild® described the prerequisites for use of the 2-D 
reconstruction method as 1) good fixation and em- 
bedding of the cochlea and 2) serial sections of the 
cochlea in the approximate plane of the modiolar 
axis. He estimated the shortening error in graphic 
reconstruction of the guinea pig as less than 5%. This 
shortening error, which we call “chord error,” arises 
because the real distance between two points on the 
OC is that along the arc of the spiral connecting the 
points; the measured distance is that along the chord 
of the arc connecting the points. Thus, the lengths 


measured by the 2-D reconstruction method tend to 
be shorter than the true lengths. Other factors may 
also account for differences in measured length. 
Takagi and Sando! suggested the cutting angle as 
one source of error, because most horizontal tempo- 
ral bone sections are cut parallel to the middle cranial 
fossa surface, which is not the horizontal plane ana- 
tomically. Also, the modiolus itself is too thick to 
permit accurate judgment from midmodiolar sec- 
tions as to whether it was cut exactly along the axis. 
In one particular example of a cochlea specimen with 
a 35° cutting angle, they measured and compared the 
length of the OC by traditional 2-D versus 3-D 
reconstruction. The “cutting angle difference” was 
considerable (15.4%). In our cases also, the 3-D 
method yields considerably greater OC lengths; the 
average cutting angle difference was 7.6% (32.9 mm 
versus 35.6 mm). We investigated the correlation 
between the cutting angle and the cutting angle dif- 
ference. In our eight cases there was not a not-quite- 
significant correlation (r= .696, R*=.484, p=.0554). 
But when we included Takagi and Sando’s case as the 
ninth, a significant correlation was found (r = .841, 
R? = .708, p = .0045). Our cases included seven with 
arelatively small cutting angle (5.4° to 13.5°), so that 
no certain relation was noted, but the above results 
demonstrate that Takagi and Sando’s!0 one case 
strongly influences the analysis. Viewing a cochlea 
with the same cutting angle, we can easily understand 
that the 2-D reconstruction varies considerably ac- 
cording to the plane of section, whether it is close to 
the major axis (the direction of Lo/0.5 in Fig 4) or to 
the minor axis (the direction of L0.25 and L0.75 in Fig 
4), and this results in various cutting angle differ- 
ences. But higher cutting angles lead unequivocally 
to higher cutting angle differences, as in Takagi and 
Sando’s case and our case 20. In conclusion, the 
length of the cochlea on 2-D reconstruction is much 
shorter than the actual value when the plane of section 
is oblique to the midmodiolar axis, and the major 
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source of error in 2-D reconstructions may be the 
cutting angle. 


When the cutting angle was compensated to be 0° 
by rotation of the 3-D model in space, the length of 
the OC was 34.7 + 1.5 mm; the average difference 
between this and the 3-D results was 2.6%. This 
difference is the “geometric difference” due to the 
pseudospiral structure of the cochlea; in brief, the 
cochlear spiral changes its radius of curvature, axis of 
revolution, and inclination from the basal end to the 
apical end, as previously described by Schuknecht.? 
He made a geometric side-view projection for the 
upper 2!/2 turns of the cochlea of a cat — excluding 
the hook region —and estimated a difference of 2.8% 
between the length in the simple top-view recon- 
struction and the length of this projection. Takagi and 
Sando!” reported the 2-D length of a cochlea made 
from a projection of a3-D reconstruction method was 
very close to the 3-D value (the geometric difference 
was 0.3%). Similarly, in our data there is a smaller 
geometric difference. But the data from 2-D recon- 
struction include some geometric difference when- 
ever the cutting angle requires compensation to 0°, 
and results in shorter-than-actual values. 


The second method, for direct measurement of 
cochlear length, was described first by Retzius,!® 
who used a micrometer, and later Bredberg!* and 
Wright et al,!7 who measured the cochlea using 
surface specimens (measurement by looking straight 
at the OC under a microscope). This technique seems 
to be more reliable than indirect measurement (tradi- 
tional 2-D reconstruction); the average OC length 
varies from 32.8 mm to 34.7 mm and is longer than 
that from indirect measurement. But compared with 
our data, it is still shorter, because there is still the 
possibility of difference due to the viewing angle — 
similar to the cutting angle difference — or to de- 
struction or loss of parts of the OC during the segmen- 
tation of the cochlea. 


Bredberg!? measured the length of the OC from the 
basal end according to the angle of the turn around the 
helicotrema (Fig 4C). The percentage lengths in the 
basal turn (61.5%) and basal and middle turns (88.5%) 
were slightly longer than ours (58.8% and 87.3%, 
respectively). The OC is not concentric around the 
helicotrema, which Bredberg set as the center of the 
angle to be measured, and his quarter turn points are 
always further toward the apical end than ours. 


The third method, 3-D reconstruction, can easily 
be done by computers. The length of 3-D structures 
can be measured by procedures described by Takagi 
and Sando,!° Sato et al,!8 and this paper. Sato et al!® 
measured the lengths of the outer and inner margins 


of the basilar membrane and calculated the average, 
and reported that the mean cochlear length was sig- 
nificantly longer in males (37.1 + 1.6 mm) than in 
females (32.3 + 1.8 mm). Their measured parameters 
are not directly comparable with ours, but their re- 
sults were longer than the previous ones from other 
methods. Although our method requires consider- 
able time and practice to make a 3-D reconstruction, 
the length between any two points can be calculated 
quickly by selecting the points. Furthermore, the 
calculated lengths have neither a “cutting angle dif- 
ference” nor a “geometric difference.” However, the 
3-D method still retains the possibility of “chord 
error,” which decreases as the distance between suc- 
cessive sections becomes shorter. 


Finally, a possible source of error that affects most 
methods could be shrinkage during the embedding - 
process. The fact that the lengths measured by 3-D 
methods are generally greater than those from other 
methods shows at least that the histologic processing 
for the former does not cause more shrinkage artifact 
than that for the latter. More specifically, we decal- 
cify at room temperature with ethylenediaminetet- 
raacetic acid in formalin; this method is slow, but 
causes a minimum of artifact. Even after decalcifica- 
tion, the tissue of the otic capsule is more rigid than 
“normal” soft tissue, and embedding usually is done 
as soon as the decalcification is sufficient for section- 
ing. Although we feel that there is a minimum of 
shrinkage involved in the process, clearly, more 
systematic studies need to be done. 


Despite differences in absolute cochlear length, 
the percentage distances along the basilar membrane 
have been reported to be similar in cat!’ and chin- 
chilla.” If this hypothesis is true, the frequency map 
on the basilar membrane may be different in cochleas 
of different lengths. Generally, cochlear length refers 
to the length of the OC, so in this study the lengths of 
the OW, IW, and RCC were mapped onto the OC at 
4% intervals. Our computer-aided 3-D reconstruc- 
tions revealed that Rosenthal’s canal is much shorter 
than the OC; the lengths of the RCC and IW were only 
half of the OC’s length. The RCC started at the 
position of 5.3% of the length of the OC and ended 
within two turns — at 85.0% of the OC — as 
described by Ariyasu et al.2! Ariyasu et al also 
reported that the spiral ganglion dendrites within the 
osseous spiral lamina project radially in the basal turn 
and become increasingly oblique to the axis of the 
modiolus as the ganglion extends apically. Our re- 
sults corroborate theirs. According to our compara- 
tive analysis on the lengths of the OC and RCC (Fig 
7), the percentage length of the RCC was not linearly 
related to that of the OC; the RCC tended to shift 
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toward the basal end. There are few reports in the 
literature on the length of the human Rosenthal’s 
canal. The 12 mm reported by Pfingst22 was shorter 
than our finding of 16.0 + 1.3 mm, probably, again, 
because of differences between 2-D and 3-D recon- 
structions, as previously described. 





These results should clearly influence the design 
of future cochlear implants. Insertion along the inner 
scala tympani wall is clearly preferable because of its 
closer proximity to Rosenthal’s canal and the con- 
siderably shorter insertion depth necessary to achieve 
stimulation of the apical end of Rosenthal’s canal. 
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PLASMA PLATELET-DERIVED GROWTH FACTOR: PRELIMINARY 
STUDY OF A POTENTIAL MARKER IN HEAD AND NECK CANCER 
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The role of growth factors in the development and spread of head and neck cancers has received little attention. Platelet-derived 
growth factor (PDGF) is a potent mitogen that is released normally in wound healing, but is also secreted by human malignant epithelial 
cells. In breast and ovarian carcinomas, elevated plasma PDGF has correlated with a poorer prognosis. This preliminary study was 
designed 1) to determine if PDGF is elevated in the plasma of patients with squamous cell carcinoma of the head and neck and 2) to 
determine whether there is any change in levels following surgical ablation. The PDGF was measured by radioimmunoassay in 18 patients 
with head and neck squamous cell carcinoma and in 12 normal controls. In the control group the mean level was 7.4 fmol/100 uL (range 
2.8 to 12.5, median 7.6), in spite of the fact that PDGF is reportedly not measurable in normal subjects. The mean PDGF level in the cancer 
patients was 20.4 fmol/100 uL (range 4.1 to 35.7, median 20.5) and as compared to the control group was significantly elevated (median 
two-sample test, p < .001). Of the 20 cancer patients, only 4 had levels less than 12.5 fmol/100 uL. Moreover, 2 of these had undergone 
prior radiotherapy. In all cases, PDGF levels decreased significantly after surgery. These results support the importance of the further 
investigation of plasma PDGF levels as a potential biomarker to evaluate efficacy of treatment, possibly to aid in the detection of tumor 
recurrence, and even to be a potential indicator of tumor aggressiveness. 


KEY WORDS — biomarker, growth factor, head and neck carcinoma, platelet-derived growth factor, radioimmunoassay. 


The role of growth factors in the development and 
spread of head and neck cancers has received little 
attention. Polypeptide growth factors are small pro- 
teins produced by normal cells that regulate cell 
growth and differentiation. Platelet-derived growth 
factor (PDGF) is an extraordinary mitogen and chemo- 
tactic factor for mesenchymally derived connective 
tissue—forming cells and is secreted by platelets and 
other cells.! It is a heterodimer encoded by two 
different genes located on chromosomes 7 and 22.2 
Secretion of PDGF by malignant tissue can increase 
cell proliferation, inflammation, and tissue remodel- 
ing. 

Messenger RNA of PDGF has been detected in 30 
of 31 head and neck malignancies? and is also present 
in esophageal carcinoma.‘ In breast carcinoma pa- 
tients, elevated plasma levels of PDGF measured by 
radioimmunoassay (RIA) correlated with increased 
metastases and decreased survival.’ Furthermore, the 
greater the PDGF level, the greater the number of 
metastases. In one study, in all the patients with 
elevated plasma PDGF, immunohistochemical stain- 
ing of tissue demonstrated PDGF.® Similarly, in 
Ovarian carcinoma, PDGF expression by immuno- 
histochemical staining is associated with a worse 
prognosis,’ 

One can measure PDGF in blood plasma by means 
of acommercially available RIA. The RIA is based 


on competition between the plasma PDGF and iodine 
125 (!25])-labeled PDGF for a limited number of 
binding sites on a specific antibody. A second anti- 
body reaction is performed to permit the separation of 
the antibody-bound fraction by centrifugation. Mea- 
surement of the radioactivity in the resulting pellet 
permits calculation of the serum PDGF concentra- 
tion. It is sensitive to 1.56 to 200 fmol per tube. In 
normal subjects the level is not detectable.’ This 
study was designed to determine if PDGF is detect- 
able in the plasma of patients with head and neck 
cancer and, if it is detectable, whether there is an 
alteration in the level after surgical ablation. 


MATERIALS AND METHODS 


Patients with squamous cell carcinoma of the 
mucosa of the upper aerodigestive tract treated at the 
University of Cincinnati Medical Center (UCMC) 
and Cincinnati Veterans Affairs Medical Center were 
offered enrollment in the study. Patients with a his- 
tory of recent aspirin use or anticoagulant therapy 
were excluded. The study was performed in accor- 
dance with the UCMC institutional review board’s 
protocol and all patients gave informed consent. 


All patients’ tumors were staged prior to surgery 
and 3 mL of blood was drawn into a tube containing 
7.5 mmol/L ethylenediaminetetraacetic acid. The 
blood was centrifuged immediately and the plasma 
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PDGF levels (fmol/100 11) 


Stage IV normal 
controls 


Stage | Stage Il Stage Il! 


» = PDGF level in patients without nodal disease 
and in normal controls 


N = PDGF level in patients with pathologic 
cervical nodal metastasis 


Plasma level of platelet-derived growth factor (PDGF) in 
cancer patients and normal controls. 


stored at -20°C until the RIA was performed in the 
radiobiology laboratory at UCMC. The PDGF !2] 
assay system (Amersham Corp, Arlington Heights, 
Ill) was utilized in accordance with the manufacturer’ s 
instructions. The assay is sensitive to 0.8 fmol. Cross- 
reactivity with related compounds is as follows: B- 
thromboglobulin <0.29%, transforming growth fac- 
tor B <0.078%, platelet factor 4 <0.057%, and epi- 
thelial growth factor <0.0004%. Six to 10 weeks after 
surgery, additional samples were obtained for PDGF 
measurement. 


We also measured PDGF in acontrol group of 12 
healthy volunteers. This group consisted of 7 men 
and 5 women with a mean age of 35 years (range 19 
to 57). 


Eighteen patients were enrolled in the study prior 
to surgery. These patients had a mean age of 61 years 
(range 43 to 78) and there were 13 men and 5 women. 
The primary sites of the squamous cell carcinomas 
were oral cavity (7), oropharynx (4), supragiottis (2), 
glottis (2), nasopharynx (1), maxillary sinus (1), and 
unknown primary with nodal metastases (1). Nine 
patients had nodal disease and none had distant 
metastases. Two patients were stage I, 1 was stage II, 
5 were stage III, and 10 were stage IV. Two patients 
had undergone prior radiotherapy for cure, and 1 
patient had had a renal transplant and was on immu- 
nosuppressive therapy. 


RESULTS 


In the control group, PDGF was detected in all the 
plasma samples. The mean level was 7.4 fmol/100 
uL, with a range from 2.8 to 12.5 and a median of 7.6. 
In the 18 patients with head and neck cancer, PDGF 
was detected in all the plasma samples except for the 
sample from the patient receiving immunosuppres- 





PDGF LEVELS BEFORE AND AFTER SURGERY IN 
PATIENTS WITH INCREASED INITIAL LEVELS 


PDGF Level 
(fmol/100 pL) 
Before After 


Stage Site Surgery Surgery 
TINOMO Oral cavity 23.6 16.9 
T3NOMO Oropharynx 28.9 21.6 
TxN3M0 Unknown 16.6 5.1 
T3N1MO0 Supraglottis 27.3 13.1 
T4N2bM0 Oral cavity 34.6 17.1 


PDGF — platelet-derived growth factor. 


sive therapy. The mean level was 20.4 fmol/100 uL, 
with a range from 4.1 to 35.7 and a median of 20.5 
(see Figure). The PDGF levels of the cancer patients 
and the control group were compared by a median 
two-sample test and achieved significance (p < .001). 


The highest PDGF level measured from the plasma 
in the control group was 12.5 fmol/100 uL; only 4 of 
the 18 cancer patients had PDGF levels below that. 
These 4 patients included the patient receiving im- 
munosuppressants and the only 2 patients that had 
previously received radiotherapy. In addition, how- 
ever, a patient with a T2N2bM0 squamous cell carci- 
noma of the oropharynx who received no prior therapy 
was noted to have a low PDGF level. 


The PDGF level did not correlate with T stage or 
N stage. Although the highest levels were seen in 
patients with T4 disease, there were patients with T1 
disease with PDGF levels above 30 fmol/100 uL.. In 
the 9 patients that had cervical lymph node involve- 
ment confirmed by histopathology, PDGF levels 
ranged from 4.1 to 35.7 fmol/100 uL (see Figure). 


The PDGF levels were measured after surgical 
therapy in 6 patients. This included the immunosup- 
pressed patient, whose level before surgery was not 
measurable, but after surgery was measured at a low 
level of 7.9 fmol/100 uL. The other patients all had 
declines in their PDGF level (see Table). 


DISCUSSION 


A biomarker for head and neck cancer, such as 
carcinoembryonic antigen in colon cancer, can po- 
tentially be used to detect the initial cancer, to deter- 
mine the treatment efficacy, and to monitor for dis- 
ease recurrence. It could also be of value as a prog- 
nostic indicator of tumor aggressiveness. The previ- 
ously documented presence of aberrant PDGF in the 
tumors of head and neck cancer patients, and the 
relationship of PDGF to tumor aggressiveness in 
other cancers, led to this investigation. 


Our results demonstrate an association between 
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elevated levels of PDGF in the plasma and the pres- 
ence of head and neck cancer. However, there was the 
unexpected finding of detectable low levels of PDGF 
in the plasma of normal patients, which contrasted 
with previous reports that PDGF levels are not detect- 
able in normals.° Additionally, in comparison to our 
control group, not all cancer patients had elevated 
levels. Therefore, given the limited cohort tested, the 
value of PDGF as a screening test using current 
technology cannot be supported. Of note is that 3 of 
the 4 patients who did not have elevated PDGF levels 
had undergone either radiotherapy or immunosup- 
pressive therapy. Whether this was due to an effect of 
the radiation and immunosuppressants on the tumor 
cells or to a blunting of a response of the surrounding 
cells to tumor will require further investigation. 


A disappointment was that PDGF levels failed to 
correlate with tumor stage, suggesting that PDGF 
may not be of value in predicting tumor aggressive- 
ness. This is in sharp contrast to the work in breast 
cancer, where the correlation was apparent. How- 
ever, Our Current staging system is imprecise, and 
only further follow-up of these patients will reveal 
the meaning of these results. 


The most interesting finding, however, is that 
PDGF levels can potentially be used to monitor for 


treatment efficacy and possibly be used to identify 
tumor recurrence. In the 5 patients with elevated 
levels prior to surgery, PDGF significantly decreased 
after treatment. Further evaluation of a larger group 
of patients is ongoing to determine if this finding is 
consistent and, of course, whether the level increases 
with tumor recurrence. This is an important and 
exciting finding with significant clinical relevance. 


It is not clear from current studies if the PDGF 
measured systemically is secreted from the tumor or 
is induced in surrounding cells. In addition, its exact 
role in carcinogenesis is unclear; ie, does PDGF have 
its major effects on the tumor cells, in an autocrine 
fashion, or on the surrounding cells, exerting a para- 
crine control over the cancer milieu? It is known to be 
angiogenic, and may thereby promote tumor growth 
and metastasis. Anti-angiogenic factors are currently 
being investigated,? and reduction of plasma growth 
factor levels may be a method of monitoring these 
new therapies. 


This preliminary study has demonstrated a corre- 
lation between elevated plasma PDGF level and 
squamous cell carcinoma of the upper aerodigestive 
tract. Further studies are needed to determine the 
utility of this as a potential biomarker in the manage- 
ment of head and neck cancer. 
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Tall cell carcinoma of the thyroid gland is an aggressive variant of papillary carcinoma. A high nuclear DNA content has been 
associated with aggressive clinical behavior and an unfavorable prognosis in several malignant human tumors. It was also described in 
differentiated thyroid carcinoma. Therefore, analysis of the nuclear DNA content may yield information predictive of aggressive 
behavior. Accordingly, the DNA content of the tall cell variant was measured and compared with that of the usual form of papillary 
carcinoma by flow cytometry. Although all the aneuploid tumors were in the tall cell variant group, the difference in nuclear content was 
not statistically significant. We conclude that differences in the clinical behavior of these neoplasms are not related to alterations in DNA 


ploidy. 


KEY WORDS — DNA content, flow cytometry, papillary thyroid carcinoma, tall cell carcinoma. 


Papillary carcinoma is the most common type of 
cancer of the thyroid gland. It manifests a histomor- 
phologic heterogeneity, so that several variants are 
recognized, Some of these variants are associated 
with significant prognostic implications and are there- 
fore clinically important. The usual form of papillary 
carcinoma generally follows a relatively indolent 
clinical course and has a good prognosis. However, 
the tall cell variant (TCV) of papillary thyroid carci- 
noma is associated with more aggressive behavior 
and has a poor prognosis.!-3 


. Nuclear DNA analysis of some neoplasms has 
been shown to yield information that may predict 
clinical. behavior and prognosis.’ In several malig- 
nant human carcinomas, aneuploid tumors have been 
found to be associated with aggressive behavior and 
an unfavorable prognosis as compared with diploid 
tumors.° This has been described in differentiated 
thyroid carcinoma as well.® However, the diagnostic 
and prognostic importance of cytometric measure- 
ments of DNA for thyroid neoplasms is controver- 
sial, because some investigators have demonstrated a 
normal (diploid) DNA content in a variety of malig- 
nant thyroid neoplasms.’ Therefore, the true signifi- 
cance of nuclear DNA content in thyroid cancer has 
not been fully determined. 


“The purpose of the present study was to determine 
whether nuclear DNA ploidy differs between the 
TCV and the usual form of papillary thyroid carci- 
noma and if it could serve as a marker for aggressive 


clinical behavior. 


MATERIALS AND METHODS 


The original pathology reports of all patients with 
papillary thyroid carcinoma surgically treated at 
Beilinson Medical Center between 1985 and 1994 
were retrieved. A total of 238 sets of original slides 
were examined. The criteria for a diagnosis of the 
TCV were 1) cells at least twice as tall as they were. 
wide, 2) abundant eosinophilic or oxyphilic cyto- 
plasm, and 3) basal orientation of nuclei.’ At least 
30% of the specimen had to fulfill these criteria for 
the tumor to be regarded as the TCV.38 


The control group, matched for sex and age, was 
selected by random sampling from all patients with 
the common form of papillary thyroid carcinoma. 


Flow Cytometry. A DNA content analysis was 
performed with paraffin-embedded archival tissue. 
One 5-um section was cut and stained with hema- 


toxylin-eosin for light microscopy examination in 


order to confirm that tumor tissue was being analyzed 
and that the material also contained a minimum of 5% 
histologically benign cells to serve as diploid refer- 
ence cells. Three 40-um sections were then cut im- 
mediately adjacent to this section. The sections were 
cleaned of paraffin with xylene, rehydrated in a series 
of decreasing concentrations of ethanol, resuspended 
in 0.5% pepsin solution for 60 minutes at 37°C, 
stained with propidium iodide, and filtered through a 
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A B 


No. of Nuclei 


Relative DNA Content 


Representative DNA histograms of A) diploid and B) 
aneuploid tumors. 


30-mm nylon mesh filter. Within 30 minutes after 
staining, nuclear DNA content was measured on a 
FACS IV flow cytometer (Becton Dickinson, Sunny- 
vale, Calif) with a 5-W argon laser at a wavelength of 
488 nm. Histograms of 10 x 10? to 20 x 103 nuclei for 
each sample were recorded at a maximal scanning 
flow rate of 1,000 nuclei per second. Ploidy was 
assessed independently by two of the authors, who 
were blinded to the clinical status. If only one Gl 
peak could be seen on the histogram, the tumor was 
considered to be diploid (see Figure, A). If more than 
one peak could be identified, the tumor was consid- 
ered to be aneuploid (see Figure, B). An asymmetric 
G1 peak was considered to contain more than one 
DNA stem line and thus to be aneuploid, provided the 
asymmetry was clear or there was further evidence of 
aneuploidy from multiple analyzed sections. 


Statistical Analysis. Frequency was analyzed by 
Fisher’s exact test. All p values are two-tailed and p 
values less than 5% were considered significant. 


RESULTS 


Nineteen cases of the TCV were recognized. One 
was excluded from the study because the original 
specimen was not suitable for flow cytometry analy- 
sis. Eighteen properly matched cases with the com- 
mon form of papillary carcinoma served as controls. 
Three specimens were studied for each case. For all 
samples, the coefficient of variation averaged 5%. 
Thirty-three tumors expressed a diploid DNA con- 
tent, and three tumors an aneuploid content. All the 
aneuploid tumors were in the TCV group, while the 
tumors with the common form of papillary carcino- 
ma were all diploid. However, the difference in 
nuclear DNA content between the tall and regular 
papillary neoplastic cells was not statistically signifi- 
cant (p = .23). 


DISCUSSION 


Papillary carcinoma is the most common type of 
malignancy of the thyroid gland and is usually asso- 
ciated with a good prognosis.? However, the TCV is 
regarded as a more aggressive neoplasm with a less 
favorable prognosis.!:2:4.!0 The aggressiveness of the 
carcinoma is manifested not only by local invasion 
and recurrences, but also in lethality. Johnson et al? 
found a significantly higher incidence of extrathy- 
roidal extension, local recurrence, and distant metas- 
tases in the TCV than in the common form of papil- 
lary carcinomas of the thyroid. A high rate of recur- 
rence in TCV patients over age 50 was also reported 
by Terry et al.!° Moreover, in contrast to conven- 
tional papillary carcinomas, the TCV has an exces- 
sive disease-specific mortality rate of 22% to 25%.! 


The reason the TCV manifests more aggressive 
behavior is unknown. It has been shown that the TCV 
is associated with high levels of type IV collagen- 
ase.!! The presence of higher mitotic rates in the TCV 
is controversial.!2 A high mitotic index has been re- 
ported in columnar cell carcinoma, another aggres- 
sive version of papillary carcinoma of the thyroid.!3 
Other human neoplasms demonstrating malignant 
characteristics have also been found to be associated 
with chromosomal abnormalities and higher mitotic 
rates.!4 Such abnormalities are assumed to be a mani- 
festation of an alteration in nuclear DNA content. 
Higher than normal DNA content has apparently 
been directly linked to aggressive behavior in several 
types of human cancers.° Sandritter et al!5 were the 
first to note a significant increase in the nuclear DNA 
content of thyroid cancer. However, although some 
reports have suggested that DNA content and ploidy 
analysis in thyroid nodules may predict biologic be- 
havior, !6 other studies urge caution in the interpreta- 
tion of the cytophotometric measurements of DNA in 
nodular lesions of the thyroid.!’ Currently available 
data indicate that high DNA content in thyroid carci- 
noma is associated with more aggressive patterns of 
behavior and higher mortality.!8!9 Yet, Izuo et al”? 
failed to demonstrate any difference in DNA content 
between occult sclerosing papillary carcinoma and 
clinically detectable cases of papillary carcinoma. In 
the present study, although all the aneuploid tumors 
were in the TCV group, we did not observe a statis- 
tically significant difference in nuclear DNA content 
between the TCV and the common form of papillary 
carcinoma. Therefore, the aggressive clinical behav- 
ior of the TCV could not be related to an alteration in 
DNA ploidy. 

We hope that the differences in clinical behavior 
between the TCV and the common papillary thyroid 
carcinomas will be explained by further research on 
the basis of other characteristics. 
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KINEMATIC AND DYNAMIC CHARACTERISTICS OF SOLID PELLET 
MOVEMENT DURING THE PHARYNGEAL PHASE OF SWALLOWING 
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Information on solid particle movement through the pharynx, in addition to its physiologic importance, has relevance to the 
swallowing of medications in pill form. The purpose of this study was to determine the kinematics of a solid particle during the oral- 
pharyngeal phase of swallowing. We used a concurrent manometric-videofluoroscopic technique and identified two distinct zones of 
increasing bolus velocity, one at the tongue base and the other at the pharyngo-upper esophageal sphincter (UES) region. Velocity de- 
creased significantly (p < .05), to 9.0 + 1.0 cm/s, while the bolus traversed the area located between the tip of the horizontal epiglottis 
and the pharyngeal wall. The velocity of the liquid barium bolus head was similar to that of the solid barium pellet. The average bolus 
tail velocity was relatively constant. The acceleration of the barium pellet was temporally associated with development of an 
incrementally decreasing pressure distal to the location of the pellet in the hypopharynx and across the UES. In conclusion, the kinematics 
of a solid particle are similar to those of the head of a liquid bolus, but both are different from bolus tail kinematics. During the pharyngeal 
phase of swallowing, the area located ahead of the bolus exhibits an incrementally decreasing pressure, caudally. This may facilitate bolus 
transport and contribute to airway protection. 


KEY WORDS — dynamics, kinematics, pharynx, pill swallow, pressure difference, solid pellet, upper esophageal sphincter. 


INTRODUCTION 


Information on bolus transit during the oral-pha- 
ryngeal phase of swallowing is mainly derived from 
studying radiopaque liquid barium boluses. Negli- 
gible information is available on the oral-pharyngeal 
transit of solid boluses. Transit of a bolus from the 
oral-pharyngeal cavity through the upper esophageal 
sphincter (UES) and into the esophagus can be stud- 
ied from two perspectives: 1) dynamics, namely, 
studies of forces that induce bolus movement, and 2) 
kinematics, namely, studies of the motion of the 
bolus itself. Whereas ample data!-8 are available on 
the “forces” that induce bolus movement, informa- 
tion regarding the “motion” of the bolus and, in 
particular, solid bolus movement is scarce. Available 
information on bolus kinematics generally pertains to 
liquid boluses.? Information on solid particle move- 
ment through the pharynx, in addition to its physi- 
ologic importance, has relevance to the swallowing 
of medications in pill form. 


Furthermore, previous reports,?"!? as well as our 
preliminary studies, have documented the develop- 
ment of a subatmospheric pressure in the pharyngo- 
esophageal junction and the proximal esophagus 
prior to the arrival of the peristaltic pressure wave to 
these regions. The mechanism for development for 


this pressure decline, and its possible role in the 
dynamics and kinematics of the oral-pharyngeal phase 
of swallowing, has been the subject of specula- 
tion, !-!4 


For this reason, the aims of the present study were 
to 1) measure the velocity and acceleration of a solid 
barium particle as it traverses the pharynx into the 
proximal esophagus, 2) compare the velocity charac- 
teristics of solid particles to those of a liquid bolus, 
and 3) correlate pharyngeal and pharyngo-UES- 
esophageal pressure activity and other transport- 
related events to solid and liquid bolus movements. 


METHODS 


Six healthy male volunteers 18 to 40 years old and 
without a history of swallowing difficulty were stud- 
ied by aconcurrent manometric and videofluoroscop- 
ic technique. Studies were approved by the Human 
Research Review Committee of the Medical College 
of Wisconsin. Each subject fasted overnight before 
the study and the nasal cavity was anesthetized with 
2% topical Xylocaine (Astra Pharmaceuticals, West- 
borough, Mass) applied by a cotton-tipped applicator 
just before the insertion of the manometric probe. The 
subjects gave informed consent before their studies 
and were studied in an upright, seated position. 
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Forrecording the pharyngo-UES intraluminal pres- 
sure phenomenon, we used a solid-state transducer 
assembly. Two 3-site transducer probes with their 
pressure sensors 3 cm apart were secured side-by- 
side so that the manometric recording sites were 
separated by 1.5 cm. The frequency response of these 
solid-state transducers was 20,000 Hz. The trans- 
ducer assembly was passed transnasally and posi- 
tioned such that, at rest, the two most proximal 
manometric sites were in the hypopharynx, the two 
middle sites were in the UES high-pressure zone, and 
the two distal sites were in the proximal esophagus. 
The recording sites faced posteriorly. All pressure 
measurements were referenced to local atmospheric 
pressure. All pressure data were displayed on an 8- 
channel Sensormedics polygraph and concurrently 
recorded ona 16-channel Vetter FM tape recorder for 
subsequent analysis with a computerized digitization 
system. 


The computer system for analyzing the manomet- 
ric data consisted of a 386 IBM PC—compatible 
computer operating at 33 MHz. This system drives 
analog to digital (A/D) conversion hardware and 
software (DATAQ Instruments Inc, Toledo, Ohio). 
The A/D program called CODAS is a menu-driven 
capture and analysis package that allows for the 
asynchronous concurrent capture of up to 16 chan- 
nels of data. The maximum sampling frequency of 
the system is 50 kHz, which exceeds the frequency 
requirements for sampling pharyngeal-UES pressure 
activity. The A/D conversion hardware and CODAS 
software allowed for capture and analysis of the 6- 
channel pressure transducer signals at sampling fre- 
quencies higher than the limitations of the polygraph 
recording pens (30 Hz), as well as analysis of the 
captured manometric data in time scales unattainable 
in aconventional polygraph paper and pen recording. 


To record bolus motion during swallowing, we 
studied the subjects concurrently by videofluorosco- 
py. Subjects sat in a chair, positioned laterally to the 
face of the image intensifier. The subjects were in- 
structed to hold their heads in a neutral position. Vid- 
eofluoroscopic recordings were obtained at 90 keV 
with a 22.86-cm (9-in) image intensifier mode and 
appropriate collimation so that a lateral image was 
obtained of the posterior mouth, pharynx, and pharyn- 
goesophageal region. Fluoroscopic images were re- 
corded on a super VHS videocassette recorder (Pana- 
sonic AG-1960 Proline, Tokyo, Japan), which re- 
corded 60 fields per second. The manometric and 
fluoroscopic recordings were synchronized by means 
of a specially designed timer (Thalner Electronics, 
Ann Arbor, Mich). This timer, the video recorder, 
and the polygraph were electrically connected. The 


timer generates two simultaneous signals. One signal 
provided a video-displayed time signal in hundredths 
of asecond on the fluoroscopic images, and the other 
signal generated a 1-Hz, 5-V amplitude timing pulse 
that was recorded on the chart paper used for mano- 
metric recording. For each swallow, the first pulse 
marked on the manometric recording paper was noted 
and logged along with the elapsed tape count dis- 
played on the videocassette recorder. The chart paper 
was run at a speed of 50 mm/s; thus, each millimeter 
on the paper represented 20 milliseconds. The timer 
signal also allowed synchronization of morphologic 
events recorded on videofluoroscopic images with 
the manometric events recorded on the FM tape re- 
corder. 


The computer analysis system used for analyzing 
the videofluoroscopic data consisted of a 486 IBM- 
compatible computer operating at 33 MHz. The com- 
puter system drives an A/D conversion board and 
program specifically designed for image capture and 
analysis. The image analysis and capture software 
(JAVA, Jandel Scientific, San Mateo, Calif) allows 
capture of standard raster scan video images and 
morphologic analysis of digitized image data. The 
digitized images are stored as computer files for any 
subsequent recall or analysis. 


All six subjects were studied during four swallows 
of each of the following: 1) a barium pellet (0.2-cm- 
diameter spherical pills), 2) 5 mL liquid barium, and 
3) dry swallows. For all swallows we determined the 
velocity and acceleration of the barium pellet and the 
head and tail of the barium liquid bolus as they 
traversed the pharynx, UES, and subsphincteric area 
of the esophagus. The videofluoroscopic images 
were digitized by the computer image analysis sys- 
tem at a rate of one video field every 60th of a second. 
The video analysis software was used to mark the x- 
y coordinates of the center of the pellet and bound- 
aries of the liquid barium bolus head and tail as the 
bolus moved through the pharynx and UES. The 
time-dependent coordinates were stored by the image 
analysis program in spreadsheet format. Thus, for 
any stored set of swallow sequence images, a time- 
dependent (x-y) mapping of bolus head and tail 
location was obtained. The bolus head and tail coor- 
dinates were numerically differentiated with respect 
to time to yield the velocity, and differentiated twice 
to yield acceleration of the bolus head and tail. Along 
with the bolus kinematic data, we also determined, on 


fluoroscopy, the positions of the barium pellet and 


liquid barium bolus head and tail relative to the in- 
stant that the epiglottis appeared to make contact with 
the arytenoid cartilages at the posterior larynx (laryn- 
geal vestibular closure), and relative to the instant of 
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Fig 1. Pressure phenomenon in pharyngoesophageal junction immediately before onset of peristaltic pressure wave at most 
proximal transducer for A) pellet barium and B) liquid barium. Mean data for each subject and for each site are presented. As seen, 
ahead of peristaltic pressure wave there is downhill pressure gradient from pharynx to esophagus. 


separation of the anterior and posterior walls of the 
pharyngoesophageal segment (UES opening). We 
determined the intraluminal pressure relative to the 
location of the barium pellet and liquid barium bolus 
head and tail. From the videofluoroscopic images, 
the position of the bolus relative to the manometric 
recording sites was determined throughout the swal- 
low sequence. With use of the timing signal that 
coordinated the fluoroscopic images and manomet- 
ric events for every video field, the pressure phenom- 
enon proximal and distal to the bolus was determined 
for all barium pellet and barium liquid swallow se- 
quences. 


In addition, we performed the following tests to 
determine whether the rapidly changing negative 
pressure excursions recorded during swallowing in 
the pharyngoesophageal junction were real mano- 
metric events or transducer artifacts. We tested the 
hypothesis that during swallowing, when the UES 
wall at the instant of its opening suddenly moves 
away from the transducer, the transducer surface is 
bent outward because of surface tension until the 
surface tension is overcome by the opposing trans- 
ducer surface force (“ringing”). The outward deflec- 
tion of the transducer surface would result in a re- 
corder signal that oscillates as the transducer surface 
returns to some steady state deflection. The part of 
the oscillations that occurs when the transducer sur- 
face position is deflected outward past the calibrated 
“zero” pressure transducer deflection is registered as 
“negative” (subatmospheric) pressure. To test this 
hypothesis, the “ringing” effect was studied by ap- 
plying aconstant surface pressure to a transducer site 
and suddenly releasing it. The test was performed for 
the following applied pressures: 10,75, 150, and 200 
mm Hg. To generate these pressures, the transducer 
was simply pressed against the hard bench surface by 
the pulp of the index finger, and when the desired 
pressure was reached, it was maintained for a few 


seconds and then the finger was suddenly removed. 
To simulate the damp surface of the pharynx and 
UES, a wet finger was placed on the transducer 
surface, producing a given pressure, and then sud- 
denly released. The output of the calibrated trans- 
ducer signal was recorded by acomputer digitization 
system (described above) for subsequent analysis. 
The transducer output was also displayed on a Sensor- 
medics polygraph recorder at the time of the test. To 
study the effect of various degrees of surface tension, 
besides using a damp surface, the response of the 
transducer was tested with a dry surface and a surface 
coated with Xylocaine gel. The test was also per- 
formed under 10 cm of water. Results were analyzed 
for wave duration and nadir pressure and were com- 
pared to subatmospheric pressures recorded from the 
pharyngo-UES area of our volunteers. Statistical 
analysis was done by means of ANOVA with re- 
peated measures. Data in the text are presented as 
mean + SD unless stated otherwise. 


RESULTS 


Solid Pellet and Liquid Bolus Dynamics. Analysis 
of the manometric recordings showed that with each 
swallow there was recorded a peristaltic pressure 
wave that propagated from the most proximal trans- 
ducer site distally. Analysis of concurrent videofluo- 
roscopic recordings showed that at the peak of de- 
glutitive UES and laryngeal excursions, the most 
proximal manometric recording site was positioned 
within the hypopharynx in the vicinity of the laryn- 
geal vestibule; three sites were in the pharyngoesoph- 
ageal junction (90% of the total analyzed swallow 
sequences), and the remaining two sites were posi- 
tioned in the proximal esophagus. 


In addition, analysis of the pressure phenomenon 
within the pharynx, UES, and proximal esophagus 
showed that during each swallow, immediately be- 
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TABLE 1. MAGNITUDE AND DURATION OF SUBATMOSPHERIC PRESSURE EXCURSIONS DUE TO SOLID STATE 
TRANSDUCER RESPONSE TO RELEASE OF VARIOUS APPLIED PRESSURES 


Applied Pressures (mm Hg) 


10 75 150 200 
Pressure (mm Hg) D ~2.60 + 2.100 ~5.30 + 1.60 ~5.60 + 1.30 ~8.30 + 2.500 
Ww ~2.90 + 1.800 -5.90 + 1.10 -5.60 + 1.30 -8.90 + 2.200 
J ~2.90 + 1.600 ~7.50 + 4.50 ~9.80 + 3.00 ~10.10 + 3.300 
U -2.80 + 1.600 -6.20 + 1.50 -8,70 + 1.40 ~9.10 + 2.000 
Duration (s) D 0.03 + 0.003 0.03 + 0.01 0.03 + 0.01 0.02 + 0.003 
W 0.02 + 0.003 0.03 + 0.01 0.03 + 0.01 0.03 + 0.010 
J 0.03 + 0.003 0.02 + 0.01 0.03 + 0.01 0.03 + 0.020 
- U 0.03 + 0.010 0.03 + 0.01 0.03 + 0.01 0.02 + 0.010 


Values are mean + SD. 


D — dry transducer surface, W — water coating transducer surface, J — Xylocaine jelly coating transducer surface, U — transducer submerged 


under 10 cm of water. 





fore the onset of the peristaltic pressure wave at the 
most proximal manometric site, there was a transient 
pressure decline recorded in all six transducer sites 
for dry swallows as well as liquid barium and barium 
pellet swallows. 


Analysis of concurrent videofluoroscopic record- 
ings of pellet and barium swallows showed that 
development of this pressure decline was concurrent 
with anterior displacement of the hyoid-larynx-cri- 
coid complex and occurred in the hypopharynx, UES, 
and proximal esophageal recording sites located cau- 
dad to the luminal closure induced by the peristaltic 
wave. Distribution of this transient pressure decline, 
in this domain, is shown in Fig 1. In 83% of solid 
pellet and 55% of liquid barium swallows, the ambi- 
ent pressure distal to the peristaltic pressure wave 
decreased to subatmospheric (“negative”) pressures. 
The phenomenon of subatmospheric pressure was 
observed to various degrees in all subjects. A com- 
parison of the “negative” pressures generated during 
swallowing and the “negative” pressures generated 
in the bench experiments by the “ringing effect” is 
shown in Tables 1 and 2. Representative examples of 
these two phenomena are shown in Fig 2. There was 
a direct relationship between the magnitude of ap- 
plied pressure and the magnitude of “negative” pres- 


sure induced by the “ringing” phenomenon. How- 
ever, duration of this “negative” pressure was not 
dependent on the magnitude of the applied pressure. 
The average wave duration found in the “ringing” 
tests ranged between 0.02 and 0.04 seconds, The 
negative (subatmospheric) pressure excursions found 
in volunteers in the present study were 5 to 10 times 
longer than those of the “ringing” (p < .05). 


Pellet Kinematics. Analysis of the videofluoro- 
scopic recordings showed that during each swallow, 
the velocity of the pellets traversing the pharynx, 
UES, and proximal esophagus was variable. The 
velocity variability was found to be location-depen- 
dent. We identified two distinct zones of increasing 
velocity. The average velocity of the pellet traversing 
the posterior aspect of the tongue was 18.0 + 4.2 cm/ 
s. It increased to 39.4 + 7.6 cm/s while the pellet 
traversed the base of the tongue to the level of the 
epiglottis (supraepiglottic region). During this time 
the larynx had reached its maximum elevation and 
the epiglottis had assumed its horizontal orientation. 
The pellet velocity decreased significantly (p < .05), 
to 9.0 + 1.0 cm/s, while it traversed the area located 
between the tip of the horizontal epiglottis and the 
pharyngeal wall (pharyngoepiglottic space). After 
the pellet passed this area, its. velocity increased to an 


TABLE 2. MAGNITUDE AND DURATION OF SUBATMOSPHERIC PRESSURE DECLINES DEVELOPED IN 
PHARYNX, UPPER ESOPHAGEAL SPHINCTER, AND PROXIMAL ESOPHAGUS OF NORMAL 
VOLUNTEERS DURING SWALLOWING OF LIQUID AND SOLID BARIUM BOLUSES 


Duration (s) 


Magnitude (mm Hg) 

Site Pellet Liquid 
i -4.8 + 2.8 None 
2 ~8.0 + 3.9 -9.3 + 3.1 
3 -9,3 + 4.1 -9.5 + 4.8 
4 -9.4 £4.2 -9.6 + 5.0 
5 =10.9 + 6.3 -10.1 + 6.0 
6 -11.1 + 6.6 -11.0+6.3 


Site 1 is most proximal, site 6 most distal. Values are mean + SD. 


Pellet Liquid 
0.24 + 0.08 0.25 + 0.07 
0.28 + 0.12 0.29 + 0.12 
0.44 + 0.12 0.42 + 0.24 
0.43 + 0.19 0.31 + 0.18 
0.44 + 0.15 0.31 + 0.20 
0.49 + 0.19 0.61 + 0.18 
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average of 32.0 + 11.1 cm/s while it passed through 
the pharyngo-UES area to enter the proximal esopha- 
gus (p < .05). Following entry into the esophagus, 
pellet velocity decreased to 11.3 + 1.9 cm/s (p < .05). 
This proximal esophageal pellet velocity was mea- 
sured in 16 instances that the pellet could reliably be 
seen moving through the proximal esophagus. In the 
rest, the pellet stayed in the subsphincteric region of 
the esophagus until it was cleared by a subsequent 
water swallow. A composite time history of average 
pellet velocity is shown in Fig 3. In 10 instances, the 
barium pellet was seen to halt for 0.05 + 0.02 second 
near the UES proximal margin before it accelerated 
to the above-mentioned velocity. 


Liquid Bolus Kinematics. Videofluoroscopic analy- 
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Fig 3. Composite time history of average velocity of solid 
pellet, liquid barium bolus head, and tail traversing phar- 
ynx. As seen, velocity and acceleration of barium pellet 
and liquid barium bolus head were similar. However, both 
were significantly different from those of liquid barium 
bolus tail. 


sis of liquid bolus kinematics showed that during 
each swallow the kinematic behavior of the head of 
the liquid barium bolus was significantly different 
from that of the tail of the bolus. The velocity of the 
liquid barium bolus head showed the same two zones 
of acceleration reported for the solid barium pellet. 
The anatomic locations of the two acceleration zones 
were identical. The average bolus head velocity over 
the posterior aspect of the tongue was 19.5 + 4.0 cm/ 
s. At the supraepiglottic region, the bolus head veloc- 
ity was 39.0 + 8.0 cm/s. The bolus head decelerated 
to 18.6 + 8.6 cm/s at the pharyngoepiglottic space 
before accelerating to 36.7 + 12.4 cm/s in the 
infraepiglottic region. The bolus head velocity was 
not significantly different from the pellet velocity in 
the regions described above. The average bolus tail 
velocity as it traversed the pharynx and passed through 
the UES was relatively constant at 10.3 + 3.0 cm/s 
(Fig 3). 


Pellet Kinematic and Dynamic Interrelationship. 
Analysis of the concurrent manometric and vid- 
eofluoroscopic recordings showed that the pellet 
traveled ahead of the peristaltic pressure wave. The 
distance between the pellet and the peristaltic front 
was 1.4 + 0.2 cm when the peristaltic contraction 
wave reached the most proximal manometric site in 
the pharynx. The acceleration of the barium pellet 
was associated with incrementally decreasing pres- 
sure distal to the location of the pellet in the hy- 
popharynx and across the UES. As the pellet passed 
each manometric recording site, the concurrent pres- 
sure at each site distal to it showed a progressive 
decline (Fig 4). 


Liquid Bolus Kinematic and Dynamic Interrela- 
tionship. Analysis of concurrent manometric and 
videofluoroscopic recordings showed that the kine- 
matic and dynamic characteristics of the head of the 
bolus were significantly different from those of the 
bolus tail. As with the pellet swallows, there was an 


Kern et al, Solid Pellet Kinematics & Dynamics 721 





i »<e eo 
| adin 
PHARYNX \ 
aaRS ~= f ahos AE ————————S SS - ~ 





Ss o mens 
A B x y Gi ~— A Re 
UES KNA P 
r f 
m ii 
i tuas ! O men Hg 


p= 


Bae r ee : 


: coe d 





PELLET SWALLOW DRY SWALLOW 





EMG 


Fig 4. Example of concurrent A) videofluoroscopic and B) manometric recordings of single solid barium pellet swallow during 


pharyngeal phase of swallowing. Letters A-F marked by arrow on manometric recording correspond temporally with panels A- 
F on fluoroscopic recording. As seen at rest on panel A of fluoroscopic recording, two most proximal transducers are at level of 
laryngeal vestibule (v). Proximal end of tracheal air column (T) corresponds to level of vocal cords. At each level, pellet marked 
by thick white arrow is accompanied by subatmospheric pressure gradient distal to it. At instant that is marked by arrow C on 
manometric recording, pressure transducers are seen fluoroscopically to be located ahead of bolus within open chamber filled with 
air (prebolus zone) during opening of upper esophageal sphincter (rows of thin arrows), and transducers measure subatmospheric 


pressure. Pellet is seen immediately proximal to this zone. 


incrementally decreasing pressure distribution distal 
to the bolus head. The temporal and spatial pressure 
distributions in the regions located distal to the head 
of the barium bolus were similar to those for pellet 
swallows (Fig 3). 


The forces related to bolus tail kinematics were 
associated with the peristaltic pressure wave. Com- 
parison of the peristaltic pressure wave velocity, 
measured manometrically, and the bolus tail speed, 
measured fluoroscopically, showed that the two phe- 
nomena are virtually identical. Also, analysis of the 
concurrent manometric and fluoroscopic recordings 
showed that the upstroke of the peristaltic pressure 
wave was always associated temporally and spatially 
with the tail of the barium bolus. In addition, analysis 
of concurrent manometric and fluoroscopic record- 
ings identified three different zones in relation to the 
position of the bolus: 1) the peristaltic zone, located 
behind the bolus, 2) the bolus zone, occupied by the 
bolus, and 3) the prebolus zone, ie, the area located 
ahead of the bolus. In the peristaltic zone, the lumen 
is occluded by muscular contraction. The bolus zone 


is the unclosed luminal region that includes the bolus. 
Movement of the bolus in the bolus zone is partly a 
direct result of local lumen contraction and partly a 
result of any inertia-related dynamics that took place 
in the peristaltic zone. (In our study, subjects were in 
an upright position, so gravity could also be consid- 
ered partly responsible for bolus movement.) The 
prebolus zone is the region immediately distal to the 
position of the bolus (Fig 5). The pressure in the 
prebolus zone was always less than the pressure in the 
bolus zone. The magnitude of pressure in a part of the 
prebolus zone often was subatmospheric. Thus, dy- 
namic pressure activity in the prebolus zone created 
a pressure difference between the bolus zone and the 
prebolus zone, further affecting bolus behavior. 


DISCUSSION 


In this study, we determined the kinematic and 
dynamic characteristics of a solid pellet during the 
pharyngeal phase of swallowing, and compared the 
findings with those of liquid bolus swallows. The 
main findings of the study were that 1) solid bolus 
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Fig 5. Still frames of videofluoroscopic recording of 5-mL 
barium swallow during pharyngeal phase of deglutition 
demonstrating peristaltic, bolus, and prebolus zones. LV — 
laryngeal vestibule. 1) Barium bolus (B) has just entered 
pharynx. Vestibule (V) is partially closed. Upper border of 
tracheal air column (T) corresponding to vocal cords is 
shown. 2,3) Barium has progressed into pharynx 0.07 and 
0.17 seconds later. Laryngeal vestibule is now completely 
closed and larynx is displaced anteriorly. 4) Barium bolus 
has progressed further. Swallowed air is seen traversing 
ahead of barium, while luminal closure (arrow) follows 
barium. 5) Peristaltic zone resulting in luminal closure 
(curved arrow), bolus zone filled with liquid barium (B), 
and prebolus zone (parallel rows of thin arrows) are better 
seen than in panel 4. 6) Laryngeal vestibule has now 
reopened. Swallow has ended and larynx returned to its 
Original position. 


kinematics are similar to the kinematics of the head of 
a liquid bolus; 2) from a kinematic point of view, the 
head of a liquid bolus behaves differently from the 
tail of the bolus; 3) the velocity characteristics of the 
tail of a liquid bolus are similar to those of pharyn- 
geal peristalsis, and both have constant velocity; and 
4) during swallowing, associated with the anterior 
movement of the larynx and UES opening, a pressure 
gradient develops in the area of the hypopharynx, 
UES, and proximal esophagus, prior to the arrival of 
the bolus. In this region, the more distal sites exhibit 
a lower pressure compared to the proximal sites. 
Frequently, these pressures are subatmosphenic. The 
duration and magnitude of these recorded subatmo- 
spheric pressures are significantly different from 
those induced by transducer “ringing.” 


Viewed from a dynamic perspective, our study 
findings indicate that at any instant during the pha- 


ryngeal phase of swallowing three distinct dynamic 
pressure zones exist within the anatomic region ex- 
tending from the hypopharynx to the proximal esoph- 
agus: 1) the peristaltic zone, which fluoroscopically 
corresponds to the region of luminal closure, 2) the 
bolus zone, which fluoroscopically corresponds to 
the open lumen that is occupied by the bolus, and 3) 
most distally, the prebolus zone, which fluoroscopi- 
cally corresponds to the open lumen that is occupied 
by air or liquid mist. The pressure phenomena in the 
pharyngeal peristaltic and bolus zones have been 
reported previously.°® The findings of the present 
study show that within the prebolus zone there exists 
an incremently decreasing pressure distribution across 
the UES such that the proximal esophagus exhibits a 
lower pressure compared to the distal pharynx. These 
pressures frequently reach subatmospheric range. 
These pressure declines were found to be temporally 
associated with deglutitive anterior displacement of 
the cricolaryngohyoid complex. 


In addition, during swallowing and associated 
with anterior-superior laryngeal movement and UES 
opening when the epiglottis has reached its tilted 
position covering the glottis, there exist two zones of 
bolus acceleration located, respectively, at the supra- 
epiglottic and infraepiglottic regions. The velocity 
and acceleration of the bolus in the supraepiglottic 
and infraepiglottic zones are similar. However, these 
zones are separated by a region of bolus deceleration 
located between the edge of the tilted epiglottis and 
the posterior pharyngeal wall: the pharyngoepiglottal 
space. 


To our knowledge, the kinematics of a solid bolus 
during the pharyngeal phase of swallowing have not 
been reported previously. However, these findings 
corroborate an earlier report? regarding the kinemat- 
ics of the head of a liquid bolus during the oral- 
pharyngeal phase of swallowing. Contrary to this 
report, in the present study we did not find any 
acceleration of the tail of the barium bolus during the 
pharyngeal phase of swallowing. 


The instances of maximum pellet and liquid bolus 
head acceleration across the UES were always closely 
associated with maximum pressure differences be- 
tween the pressure site immediately distal to the 
bolus position and the pressure in the proximal esopha- 
gus. However, a direct cause-and-effect relationship 
between these two phenomena cannot be ascertained 
from the findings of this study. We may, however, 
speculate that this pressure drop provides a preferen- 
tial path to the bolus away from the airway by 
facilitating its transport across the UES and into the 
esophagus. In this context, this pressure drop, in 
addition to its possible role in bolus transport, may act 


Ss 
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as an airway protective mechanism. 


Our study findings indicate the existence of two 


distinct modes of transport for solid barium pellet as — 


well as liquid barium boluses. One mode of transport 
is characterized by rapid acceleration of material 
across the base of the tongue and through the UES. 
This mode is temporally associated with the trans- 
sphincteric pressure drop as well as with the forces 
generated by rapid posterior movement of the tongue 
base, seen on fluoroscopy. The second mode of 
transport is characterized by a slower clearance of 
material from the oropharynx associated with the 
oropharyngeal peristaltic pressure wave. These modes 
of transport appear to be secondary to the structural 
and kinematic events that occur in the pharynx and 
pharyngoesophageal segment. 


Barclay,!° in 1930, postulated from high-speed 
cineradiographic recordings of passage of food 
through the pharynx the presence of a short-duration 


“negative” pressure in the pharynx “sucking the food 


down.” He reported a subatmospheric pressure of 
14 to 16 inches of water (26 to 36 mm Hg) in the 
pharyngo-UES segment during swallowing. Concur- 
rent fluorographic and manometric analyses of liquid 
barium swallows have been reported in the literature 
using experimental techniques similar to those of the 
present study; however, while the phenomenon of 


subatmospheric (“negative”) pressures has been re-. 


ported in some studies,!°-!3 in others, this phenome- 
non has not been discussed. These earlier videofluo- 
roscopic and manometric assessments of swallowing 


have used two or four widely spaced manometric . 


recording sites spanning the hypopharynx, pharynx, 
UES, and proximal esophagus. Such a limited num- 
ber of widely spaced recording sites compromises the 


accuracy of dynamic evaluation of transpharyngeal 
pressure activity, since catheter movement during 
swallowing could temporarily shift any single probe 
out of the region that exhibits subatmospheric pres- 
sure, 


The phenomenon of “negative” pressures is fur- 
ther complicated by the fact that in a few published 


reports the duration of some of these “negative” 


pressure excursions — although not reported directly 
as such — when measured from the presented fig- 
ures, occur in time intervals that are consistent with 
the solid state strain gauge “ringing” effects reported 
in the present paper. According to the findings of the 
present study, both physiologic and “ringing”-in- 
duced negative pressure excursions may occur dur- 


' ing swallowing. Differences in recording sites and 
‘techniques may explain these discrepancies. 


In summary, the kinematics of a solid particle are 


similar to those of the head of a liquid bolus, but both | 


are different from bolus tail kinematics. During the 
pharyngeal phase of swallowing there exist three. 
distinct manometric zones in the pharyngoesophageal 
region. These are the peristaltic zone, bolus zone, and 
prebolus zone. The pressure signature of each zone is 


unique. The prebolus zone exhibits a positive pres- 


sure difference that may facilitate bolus transport 
through the UES and, by doing so, contribute to 
airway protection. Two distinct modes of transport 
are evident during the pharyngeal phase of swallow- 
ing, one mode being characterized by rapid move- : 
ment associated with inertial and dynamic effects of 

tongue thrust proximal to swallowed material and 
variable positive pressure differences distal to it, and 
a second mode being characterized by slow move- . 
ment associated with peristalsis. 
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CAUSE OF EUSTACHIAN TUBE CONSTRICTION DURING 
SWALLOWING IN PATIENTS WITH OTITIS MEDIA WITH EFFUSION 
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In order to clarify the cause of the constriction of the eustachian tube during swallowing that is often seen in patients with otitis media 
with effusion, video endoscopy of the pharyngeal orifice of the eustachian tube was performed and superimposed with videograms of 
the tubal airflow and resistance, which were simultaneously examined by the forced response test. In children with otitis media with 
effusion (17 ears), when the eustachian tube constricted on the videogram on swallowing, the tubal orifice was found to be squeezed 
between an elevated soft palate and a hypertrophied adenoid (7/17), squeezed between an elevated soft palate and edema of the posterior 
lip (7/17), or blocked by nasal discharge (5/17). In adults with otitis media with effusion (7 ears), edema of the posterior lip (5/7) was 
the main cause of the constriction of the tubal orifice during swallowing. Inflammation in the nasopharynx and the pharyngeal portion 
of the eustachian tube was considered to be closely related to the tubal constriction, which represents a considerable part of the cause 


of tubal ventilatory dysfunction in otitis media with effusion. 


KEY WORDS — endoscopy, eustachian tube dysfunction, forced response test, otitis media with effusion. 


INTRODUCTION 


It is well known that eustachian tube (ET) dysfunc- 
tion, especially impairment of its active ventilatory 
function, is closely related to the pathogenesis of 
otitis media with effusion (OME).!-3 Since the forced 
response test,4 with which behaviors of the ET during 
various tasks like swallowing can be detected aero- 
dynamically, came into clinical use, it has been found 
that approximately 40% to 80% of the ETs of children 
with OME showed constriction during swallowing, 
in contrast with dilation in normal subjects.56 Fur- 
thermore, our previous aerodynamic study of the ET 
revealed that the site of ventilatory dysfunction lay 
near the pharyngeal end of the ET in many of the 
patients with OME.’ An important question to be 
solved now is what happens to the pharyngeal portion 
of the ET of patients with OME during swallowing. 


In this study, an attempt was made to clarify the 
cause of ET constriction during swallowing in those 
patients by using videoendoscopy of the pharyngeal 
orifice of the ET superimposed with videograms of 
the tubal airflow and resistance examined by the 
forced response test. 


MATERIALS AND METHODS 


Included in this study were 17 ears of 17 children 
(6 to 14 years old) with OME, 7 ears of 7 adults (52 
to 69 years old) with OME, and an adult with a 
traumatic perforation of the tympanic membrane 
with no history of any otological disease as a control. 


The patients with OME had been treated with venti- 
lation tubes, and their ETs were found to constrict 
during swallowing by the forced response test.* 


During the forced response test, the pharyngeal 
orifice of the ET was examined with a flexible en- 
doscope (Olympus, ENF type P or L) connected to a 
portable video camera (Nagashima CCD camera, 
Tokyo, Japan). The airflow rate (20 mL/min) through 
the ET and airflow resistance (in millimeters of water 
per milliliter per minute) of the ET were superim- 
posed on the monitor by means of a videogram 
(Hamamatsu TV Ltd, FOR.A, VG-40, Hamamatsu, 
Japan). Thus, both the movement of the ET and 
changes of the airflow and resistance of the ET during 
swallowing were recorded simultaneously, and were 
analyzed frame by frame. The monitoring was usu- 
ally continued for several minutes with several swal- 
lows by the patients to obtain consistent findings. In 
an adult patient with OME (case 2), an inflation 
catheter was inserted into the tubal orifice after the 
above-mentioned routine examination, and the change 
in the behavior of the ET was examined. 


RESULTS 
A control and 3 representative cases are presented. 


Case l. A 22-year-old man (control, Fig 1) had a 
tubal pharyngeal orifice that was clear and open to the 
nasopharynx at rest. During swallowing, his pharyn- 
geal orifice remained open when the airflow in- 
creased and the resistance decreased, indicating that 
his ET dilated. After swallowing, both the airflow 
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and resistance returned to the original levels. 


Case 2. A 52-year-old man with OME (Fig 2) had 
a tubal pharyngeal orifice that showed edema, espe- 
cially at its posterior lip. When he swallowed and the 
airflow decreased and resistance increased, the pha- 
ryngeal orifice was squeezed by the elevated soft 
palate and the edematous posterior lip of the ET. This 
constriction, however, did not occur when a tubal 
inflation catheter was inserted into his tubal pharyn- 
geal orifice approximately 1 cm in depth to keep the 
orifice open; this demonstrated that the ET con- 
stricted at its pharyngeal orifice on swallowing. 


Case 3. A 5-year-old girl with OME (Fig 3) hada 
hypertrophied adenoid that was observed just medial 
to the posterior lip of the ET on endoscopy. As her 
soft palate was elevated on swallowing, her tubal 
pharyngeal orifice was found to be squeezed by the 
elevated soft palate and the posterior lip of the ET, 
because the hypertrophied adenoid prevented the 
posterior lip from being elevated together with the 
soft palate. As a result, the airflow decreased and the 
airflow resistance increased, indicating constriction 
of the ET at its pharyngeal orifice. After the swallow, 


Fig 1. (Case 1; control) Endoscopic views superimposed by 
tubal airflow rate (F) and airflow resistance (R). Arrow — 
tubal pharyngeal orifice. A) At rest before swallowing. B) 
During swallowing. C) After swallowing. 


her tubal pharyngeal orifice was open, and the air- 
flow and resistance returned to the original level. 


Case 4. A 64-year-old woman with OME (Fig 4) 
had paranasal sinusitis and edema around her tubal 
pharyngeal orifice. When she swallowed, the airflow 
decreased and the resistance increased, indicating 
tubal constriction. After medical treatment of her 
sinusitis for several months, the edema of her tubal 
pharyngeal orifice was found to be improved and the 
airflow increased and the resistance decreased dur- 
ing swallowing, indicating that her ET dilated. 


Among 17 ears of children, a hypertrophied ade- 
noid (7 ears, 41%) and edema of the pharyngeal 
orifice (7 ears, 41%) were the most frequent causes of 
constriction, followed by blockage of the tubal pha- 
ryngeal orifice by nasal discharge (5 ears, 29%) and 
a hypertrophied peritubal tonsil (1 ear, 6%). These 
causes overlapped in 4 ears: both a hypertrophied 
adenoid and nasal discharge were observed in 3 ears, 
and both edema and nasal discharge in 1 ear. In a 13- 
year-old girl, the cause of the tubal constriction was 
unknown in the present study, since her pharyngeal 
orifice was observed by endoscopy to open during 
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Fig 2. (Case 2) Endoscopic views of right nasopharynx superim- 
posed by tubal airflow rate (F) and airflow resistance (R). 
Arrow — tubal pharyngeal orifice, L — posterior lip of tubal 
orifice, P — soft palate. A) Before swallowing. B) During swal- 
lowing. C) After swallowing with tubal inflation catheter (ar- 


rowhead) inserted into tubal pharyngeal orifice. 





swallowing, despite obvious constriction of the ET as 
seen on the forced response test. 


Among 7 ears of adults, edema (5 ears, 71%) was 
the most frequent cause, followed by unknown causes 
in 2 ears (29%); 1 did not show constriction on 
endoscopy, despite a clear constriction on the forced 
response test, and the other showed constriction on 
the forced response test after elevation of the soft 
palate, with no other remarkable finding observed on 
endoscopy. 


DISCUSSION 


The present study clearly demonstrated that the 
constriction of the ET during swallowing was due to 
squeezing of the tubal orifice by the elevated soft 
palate and various inflammatory conditions in the 
nasopharynx, indicating that the constriction occurred 
around the pharyngeal end of the ET. This was 
confirmed by the fact that insertion of an inflation 
catheter into the pharyngeal orifice of the ET pre- 
vented tubal constriction in an adult patient with 
OME (case 2). This agrees well with our previous 
finding that the site of tubal dysfunction lies near the 
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pharyngeal orifice in most patients with OME.’ The 
present observations also showed that the tubal con- 
striction occurred together with the elevation of the 
soft palate in most of the patients examined. On 
swallowing, contraction of the levator veli palatini 
muscle (LVPM), causing the elevation of the soft 
palate, usually occurs before contraction of the tensor 
veli palatini muscle (TVPM), the dilator of the ET, 
and the time lag has been reported to be approxi- 
mately 0.2 second in cats.’ The ETs of OME patients, 
therefore, are not opened by the contraction of the 
TVPM, because the pharyngeal orifice has already 
been constricted by the contraction of the LVPM. 


It should also be noted that the causes of this 
abnormal behavior of the ET were clearly related to 
inflammatory conditions in the nasopharynx such as 
hypertrophic adenoid, edema, and nasal discharge. 
When the present results are compared with our 
previous pathologic endoscopic findings of the ETs 
of OME patients,’ the incidence of nasal discharge 
appears to be smaller in the present study. This might 
be because nasal discharge was sometimes cleaned 
up before endoscopy for clear visualization of the 
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Fig 3. (Case 3) Endoscopic views of left nasopharynx superim- 
posed by tubal airflow rate (F) and airflow resistance (R). 
Arrow — tubal pharyngeal orifice, AD — hypertrophied ade- 
noid, L — posterior lip of tubal orifice, P — soft palate. A) 
Before swallowing. B) During swallowing. C) After swallowing. 


nasopharynx and tubal orifice in this study. Nasal found that the active resistance of the ET during 
discharge, therefore, might be more frequent as a swallowing did not show significant improvement 
cause of tubal constriction in OME patients. after adenoidectomy.!° Children in whom tubal con- 
striction appeared to be due to adenoid hypertrophy 

Although the sample size was small, we previously might also have other pathologic factors, such as 
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Fig 4. (Case 4) Endoscopic views of right nasopharynx superimposed by tubal airflow rate (F) and airflow resistance 
(R). L — posterior lip of tubal orifice. A) Before treatment of sinusitis. B) After treatment. 
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nasal discharge or edema around the pharyngeal 
orifice, that are hidden by the hypertrophied adenoid. 
Endoscopic follow-up study of adenoidectomized 
children is required to solve this question. 


In an ear of an adult OME patient (case 4), the ET 
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at first constricted during swallowing, but came to 
dilate as the edema of the posterior lip decreased after 
treatment of her paranasal sinusitis. This supported 
our sense that treatment of inflammatory conditions 
in the nasopharynx is important for improving tubal 
function. 
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Near-total laryngectomy provides a functional alternative to total laryngectomy in selected cases of laryngeal and hypopharyngeal 
cancer. We report our experience with the first 49 patients treated with near-total laryngectomy over a 3-year period. Successful speech 
rehabilitation was obtained in 79.5% of the patients in a median time of 40 days. Speech was acquired in 89.6% of the patients with follow- 
up longer than 6 months. Hands-free conversation was possible in 51.4% of the speaking patients. Five patients had symptomatic 
aspiration and 23 developed postoperative pharyngocutaneous fistula. Four local recurrences occurred in the laryngeal remnant. These 
results confirm that near-total laryngectomy provides a relatively safe, simple, and reproducible speech rehabilitation method for patients 


in whom total laryngectomy otherwise would be required. 


KEY WORDS — laryngeal cancer, near-total laryngectomy, voice preservation. 


INTRODUCTION 


The key to complete success in oncologic surgery 
is radicality against cancer, not against the organ. 
Entire tumor removal does not necessarily require 
total organ resection. This is especially true with 
pharyngolaryngeal cancer, in which functional sur- 
gery plays an important role. Vertical partial laryn- 
gectomy and supraglottic laryngectomy are good 
examples of radical cancer treatment with function 
preservation. 


The gap between the classic functional procedures 
and conventional total laryngectomy has been occu- 
pied by several “phonatory” techniques in which 
every effort is made to preserve speech while remov- 
ing the larynx.!-3 Most of these operations have been 
abandoned because of their morbidity and complica- 
tions, mainly manifested by aspiration. This led to the 
development of prosthetic devices connecting the 
gullet to the lower airway.4> However, tracheoesopha- 
geal (TE) puncture techniques are not a panacea. 
They demand periodic maintenance and frequent 
changing of the valve. Also, prostheses have the 
. possibility of accidental extrusion with subsequent 
TE puncture closure. 


The near-total laryngectomy was developed by 
Pearson et al® in 1980. The procedure was initially 
called extended hemilaryngectomy, then subtotal 
laryngectomy,’ and finally near-total laryngectomy. 
From a surgical point of view, the operation re- 
sembles more a total than a partial laryngectomy, 
since the entire larynx is resected except for a narrow 


posterolateral strip connecting the trachea to the 
pharynx. The recurrent laryngeal nerve is preserved 
and a dynamic shunt is created with this strip, includ- 
ing the arytenoid and the posterior part of the vocal 
cord on the less involved side. 


This report describes our experience with near- 
total laryngectomy over a 3-year period, emphasiz- 
ing the functional results and complications of the 
operation. Although oncologic results will also be 
mentioned, no final conclusions can be drawn, since 
the follow-up is too short. 


MATERIAL AND METHODS 


From October 1, 1991, to September 30, 1994, 49 
patients underwent near-total laryngectomy at the 
Departments of Otorhinolaryngology of La Paz (37 
patients) and Juan Canalejo (12 patients) hospitals. 
All patients were male, with a mean age of 61 years 
(range 36 to 78). 


One patient underwent surgery because of severe 
aspiration. The remaining 48 had diagnoses of squa- 
mous cell carcinoma (Table 1). None of these tumors 
were previously irradiated. Postoperativeradiotherapy 
was used in 7 patients (14.3%). A total dose of 6,500 
cGy was delivered in a schedule of 200 cGy per day, 
5 days a week. Indications for postoperative radio- 
therapy included close resection margins, positive 
margins, and multiple nodal disease. The near-total 
operation was performed as a salvage procedure in 1 
patient with a local recurrence 6 months after cor- 
dectomy. Table 2 documents the clinical stage of the 
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TABLE 1. PATIENTS UNDERGOING NEAR-TOTAL 
LARYNGECTOMY BY PRIMARY SITE 


Site n 
Supraglottic 23 
Glottic 1] 
Transglottic 5 
Hypopharynx 8 
Tongue base 1 


Total is 49 patients; 1 patient was treated because of permanent 
aspiration. 


primary tumor and the neck for oncologic patients. In 
cancer patients, near-total laryngectomy was indi- 
cated either for oncologic (tumor-dependent) or physi- 
ologic (patient-dependent) reasons. The most fre- 
quent physiologic indication was poor cardiopulmo- 
nary function in elderly patients not suited to standard 
supraglottic laryngectomy. 


Near-total laryngectomy was performed accord- 
ing to the method described by Pearson and DeSanto,® 
with only two significant variations. First, the larynx 
is approached through the vallecula — as for supra- 
glottic laryngectomy — in all patients in whom this 
area is not invaded by the tumor (the majority of our 
cases). The second difference is that the shunt is 
created by tubing the mucosa around a 12F, instead of 
a 14F, calibrating catheter. 


Extended procedures were required for 11 pa- 
tients. Nine of them underwent a near-total pharyn- 
golaryngectomy. Reconstruction was used in 6 of 
these cases, either with the pectoralis major flap or 
with the apron platysma myocutaneous flap.” Subto- 
tal or total glossectomy was necessary in 2 patients. 
A total of 40 patients underwent some type of neck 
dissection as part of the primary treatment: 12 pa- 
tients underwent unilateral functional neck dissec- 
tion (FND), 20 patients underwent bilateral simulta- 
neous FND, 5 patients underwent FND on one side of 
the neck and radical neck dissection (RND) on the 
other side, 2 patients underwent unilateral RND, and 
1 patient underwent a two-stage bilateral RND. Thera- 
peutic neck dissection was performed in patients with 
palpable nodes. High-risk patients with nonpalpable 
nodes — mainly supraglottic and hypopharyngeal 
tumors — underwent elective neck dissection. Six- 
teen patients had histologically positive nodes. 


Follow-up ranged from 2 to 28 months, with a 
mean of 12 months. One patient with speech was lost 
to follow-up 18 months after the operation with no 
evidence of disease. During follow-up 3 patients 
developed second primary tumors (2 pharyngeal and 
1 urologic). Speech results and complications have 
been evaluated from a clinical point of view. Statis- 
tical analysis was performed by they” test with Yates’ 


TABLE 2. STAGE OF PRIMARY TUMOR 
W NE a NE ey aa 
No. % No. % No. % No. % 


Tl 2 42 O 0 O 0 0 0 
T2 10 208 1 21 3 63 0 0 
T3 14 292 2 42 6 125 JI 21 
T4 5 104 2 42 #1 21i. 1 Zi 


continuity correction and the Mann-Whitney U test. 


RESULTS 


Five patients died in the postoperative period be- 
fore they were evaluable for speech results and shunt 
complications. Two of them died because of cardio- 
pulmonary complications, 2 suffered cerebral vascu- 
lar attacks, and 1 died of pancreatitis. Successful 
lung-powered fistula speech for normal communica- 
tion purposes according to the patient’s opinion was 
acquired in 79.6% of the cases (35/44). The median 
time between surgery and speech acquisition was 40 
days (range 11 to 180, mean 56). Among 29 patients 
with follow-up longer than 180 days, 26 (89.7%) 
were successfully rehabilitated. Although no rela- 
tionship could be demonstrated between age and 
speech acquisition, the 3 patients without speech 6 
months after the operation were older than the gen- 
eral population of the study (72.7 versus 61.3 years). 
Eighteen of the 35 speaking patients (51.4%) use the 
Barton button!° in combination with the Blom-Singer 
tracheostoma valve for hands-free speech. 


Five of the 44 evaluable patients (11.4%) had 
symptomatic grade III aspiration requiring treatment. 
The shunt was taken down in 1 patient — the first 
case in this series — and 2 patients underwent suc- 
cessful revision procedures. The remaining 2 patients 
are waiting for a surgical narrowing of the shunt. Five 
patients (11.4%) with grade I aspiration, ie, tracheal 
stain after swallowing, did not require further treat- 
ment. Symptomatic aspiration developed secondary 
to a local recurrence in another patient. 


Pharyngocutaneous fistula was a major complica- 
tion. Fifty percent of 46 evaluable patients developed 
a fistula. This complication was more frequent in 
patients undergoing surgery at La Paz Hospital (22/ 
35) than in patients operated on at Juan Canalejo 
Hospital (1/11). In 4 cases the fistula required surgi- 
cal closure. Salivary fistula significantly increased 
hospitalization. The median hospital stay was 22 
days (range 10 to 75, mean 27). The average hospital- 
ization was 37 days in patients with salivary fistula 
and 17 days in patients without fistula (p < .001). 


Of the 48 oncologic patients, 5 (10.4%) developed 
local recurrences that were treated with radical sur- 
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TABLE 3. ANALYSIS OF RECURRENCES 


amerve-eneeeteutaitiieventeteinntruaa nn tnt age nt ert ta ip TOE A 
AAAA NAANA A aaa cntinaddaiatete A AE AAAA AAAA AAA A nahin SS TnL UA ANAEMIC —K—V 


Time to 
Primary Neck Postoperative Location of Failure 
Site Stage Dissection XRT Recurrence* (mo) Status 
Tongue base T3N3M0 FND + RND No Local and distant 3 DOD 
Glottic TINOMO No No Local and neck 13 DOD 
Supraglottic T2NOMO Unilateral RND Yes Distant 16 AWD 
Supraglottic T3N2cM0 Bilateral FND No Neck 13 ANED 
Supraglottic T2N2bM0 Bilateral FND No Neck 3 DOD 
Supraglottic T4N2cM0 FND + RND No Local 6 AWD 
Supraglottic T3NOMO Unilateral FND No Local and neck 3 ANED 
Supraglottic T4NOMO Bilateral FND No Local 4 ANED 


Neck dissection and postoperative radiotherapy (XRT) were part of primary treatment. 
END — functional neck dissection, RND — radical neck dissection, DOD — dead of disease, AWD ~~ alive with disease, ANED — alive with 


no evidence of disease. 


*Only first failure site has been considered in text for evaluation of recurrences. 


gery and radiotherapy. Two (4.2%) regional recur- 
rences and 1 (2.1%) distant metastasis developed in 
patients with controlled primary tumor, Radiotherapy 
was used in 1 regional recurrence. The other regional 
recurrence and the patient with distant metastasis 
were not treated. The analysis of recurrences and 
their outcome is shown in Table 3. Thirty-six oncologic 
patients (75%) are alive without evidence of disease 
a mean of 12 months after the operation; 4 patients 
died because of the tumor; and the remaining patient 
is alive with disease. Seven patients (14.6%) died of 
causes unrelated to cancer, 5 of them during the 
postoperative period. 


DISCUSSION 


Despite the good oncologic and functional results 
obtained at the Mayo Clinic over the last 20 years,!! 
near-total laryngectomy has not gained wide accep- 
tance. It is well known that functional laryngeal sur- 
gery has never attracted much-support in the United 
States, where radiotherapy for primary treatment and 
total laryngectomy for salvage have been the stan- 
dards of treatment in many institutions. However, the 
functional usefulness of partial laryngectomy and its 
oncologic safety have stood the test of time. 


While the speech results of near-total laryngectomy 
are comparable to those of TE puncture from a 
clinical standpoint, the near-total operation does not 
have the disadvantages of prosthetic rehabilitation. 
An important number of patients in our environment 
develop a permanent link with the hospital through 
the voice prosthesis, persisting even after they are 
cured of the disease, This results in a high rate of 
prosthesis withdrawal in the long term.!2 With the 
near-total operation this is not a problem, because the 
shunt does not need to be cleaned or replaced. An- 
other advantage of the near-total laryngectomy over 
TE punctures is the high rate of patients who are able 


to speak without finger occlusion of the tracheostoma 
by using the Blom-Singer valve and the Barton but- 
ton. More than 50% of the speaking patients in this 
series are regular hands-free speakers. This could be 
attributed to the physiologic speech mechanisms 
involved in near-total laryngectomy voice produc- 
tion. Since the patient’s own innervated vocal cord is 
what produces the sound — as has been documented 
by means of video fiberoptic laryngoscopy — less 
pressure is needed and the tracheostoma valve is 
more easily adapted. In any case, TE puncture and 
near-total laryngectomy are not opposite procedures 
but rather, are complementary. The near-total opera- 
tion offers an alternative to total laryngectomy in 
selected cases, while prosthetic rehabilitation still 
has its place in patients in whom total laryngectomy 
is the only surgical option available. 


Aspiration was a main concern when near-total 
laryngectomy was incorporated into our surgical 
armamentarium. We prefer to have slow develop- 
ment of phonation and early swallowing than the 
opposite. For this reason we decided to use a 12F 
instead of a 14F calibrating catheter for shaping the 
shunt. However, this led to a similar aspiration rate 
when compared to Pearson’s!3 initial results (11.2% 
versus 12.1% of near-total patients requiring revision 
procedures). Aspiration patients include an obvious 
technical failure in our first case, in whom a very 
large shunt was created. Symptomatic aspiration can 
be easily solved by means of surgical narrowing of 
the shunt. Patients developing late aspiration prob- 
lems should be carefully examined for local recur- 
rence. 


The most discouraging aspect of our early experi- 
ence with near-total laryngectomy has been the high 
rate of pharyngocutaneous fistula. Although it does 
not represent a major problem from an oncologic or 
functional standpoint, pharyngocutaneous fistula is a 
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bothersome complication with social and economic 
impact. It delays hospital discharge and increases the 
costs of the operation. Although 22.4% of our pa- 
tients underwent extended near-total laryngectomies, 
requiring major reconstructive procedures in some 
cases, an overall incidence of salivary fistula of 50% 
has never before been reported in relation to near- 
total laryngectomy, The problem is even more strik- 
ing since almost all fistulae developed in the institu- 
tion with the larger near-total experience. A technical 
failure of the hypopharyngeal suture was initially 
considered responsible for this complication. The 
surgical details were discussed with surgeons from 
other centers, but no positive conclusions were 
reached, Meanwhile, a different study performed in 
our institution concerning the usefulness of prophy- 
lactic anticoagulation with low—molecular weight 
heparin in major head and neck surgery revealed that 
our treatment protocol led to an increase in several 
complications without a significant improvement in 
pulmonary embolism or postoperative survival. The 
incidence of pharyngocutaneous fistula, hematoma, 
and wound dehiscence was significantly higher in 
patients with prophylactic anticoagulation than in 
patients not receiving anticoagulation. Therefore, the 
anticoagulation protocol was discontinued and the 
incidence of pharyngocutaneous fistula in patients 
undergoing near-total laryngectomy has substantially 
decreased since then. With the data available, we can 
only suspect that the anticoagulation protocol might 
have been acontributing factor for pharyngocutaneous 
fistula. More cases are needed to confirm a direct 
relationship between prophylactic anticoagulation 
and pharyngocutaneous fistula. 


Our high postoperative fatality rate (10.2%) should 
be examined in light of the indications for near-total 
laryngectomy in this series. Nearly 50% of our pa- 
tients (23/49) underwent the operation for physio- 
logic reasons. These are patients whose tumors were 
suitable for supraglottic laryngectomy, but in whom, 


because of their poor general condition, conventional 
conservation procedures would have been dangerous 
or impossible. Therefore, the cases in this series 
represent a selection of patients with a bad prognosis 
from a surgical standpoint. In fact, only 2 unilateral 
FNDs were performed in the 5 patients who died in 
the postoperative period. Under normal conditions, 8 
neck dissections should have been performed in these 
cases (1 patient had a glottic lesion), since bilateral 
FND is our standard for patients with supraglottic and 
hypopharyngeal tumors. 


Five of the 8 recurrences developed in stage IV 
patients. Among local recurrences, 3 developed in 
stage IV patients, 1 in a stage III patient, and 1 in a 
stage I patient. The histopathologic report of the stage 
I patient dying of locoregional failure revealed lym- 
phatic permeation without neck node metastasis. The 
short follow-up available prevented us from drawing 
oncologic conclusions. However, the oncologic safe- 
ty of near-total laryngectomy has been sufficiently 
proved by histopathologic studies!4+!> and by the 
Mayo Clinic experience.!! 


CONCLUSION 


Near-total laryngectomy is a useful option in our 
practice for the surgical treatment of patients who are 
candidates for conservation surgery but will not tol- 
erate it for reasons of age or health. It is also appro- 
priate for some selected unilateral cord-fixing tumors 
unsuitable for conventional conservation procedures. 
The near-total operation enlarges the field of conser- 
vation laryngeal surgery with a new concept of voice 
preservation. It provides an additional surgical op- 
tion that should help us to avoid the temptation to 
stretch the indications for the classic conservation 
procedures. Near-total laryngectomy enlarges the 
speech rehabilitation options for the laryngectomized 
patient by adding a physiologic, nonprosthetic tissue 
technique. 
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PEDIATRIC OTORHINOLAR YNGOLOGY ENDOSCOPY DAYS 


The First International Days in Pediatric Otorhinolaryngology Endoscopy will be held in Lyon, France, October 14-15, 1996. For 
further information, contact Marie-Claude Duchez, Departement d’ORL et de Chirurgie Cervico-Faciale, Hôpital E. Herriot, Place 


d’ Arsonval, 69003 Lyon, France; fax 33 72 11 05 34. 
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SUPRAESOPHAGEAL COMPLICATIONS OF REFLUX DISEASE 


Supraesophageal Complications of Reflux Disease will be held November 21-23, 1996, in Tucson, Arizona. For further information, 
contact Reza Shaker, MD, MCW Dysphagia Institute, Division of Gastroenterology, Froedtert Memorial Lutheran Hospital, 9200 W 
Wisconsin Ave, Milwaukee, WI 53226; telephone (414) 259-2742; fax (414) 384-8480. 
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RECORDINGS OF MUCOCILIARY ACTIVITY IN VIVO: BENEFIT OF 
FAST FOURIER TRANSFORMATION OF THE PHOTOELECTRIC 
SIGNAL 


SVEN LINDBERG, MD, PHD ANDERS CERVIN, MD, PHD 
THOMAS RUNER, MD, PHD LARS THOMASSON, MSCEE 
LUND, SWEDEN 


Investigations of mucociliary activity in vivo are based on photoelectric recordings of light reflections from the mucosa. The 
alterations in light intensity produced by the beating cilia are picked up by a photodetector and converted to photoelectric signals, The 
optimal processing of these signals is not known, but in vitro recordings have been reported to benefit from fast Fourier transformation 
(FFT) of the signal. The aim of the investigation was to study the effect of FFT for frequency analysis of photoelectric signals originating 
from an artificial light source simulating mucociliary activity or from sinus or nasal mucosa in vivo, as compared to a conventional 
method of calculating mucociliary wave frequency, in which each peak in the signal is interpreted as a beat (old method). In the 
experiments with the artificial light source, the FFT system was superior to the conventional method by a factor of 50 in detecting weak 
signals. By using FFT signal processing, frequency could be correctly calculated in experiments with a compound signal. In experiments 
in the rabbit maxillary sinus, the spontaneous variations were greater when signals were processed by FFT. The correlation between the 
two methods was excellent: r = .92. The increase in mucociliary activity in response to the ciliary stimulant methacholine at a dosage 
of 0.5 pg/kg was greater measured with the FFT than with the old method (55.3% + 8.3% versus 43.0% + 8.2%, p < .05, N= 8), and only 
with the FFT system could a significant effect of a threshold dose (0.05 g/kg) of methacholine be detected. In the human nose, recordings 
from aluminum foil placed on the nasal dorsum and from the nasal septa mucosa displayed some similarities in the lower frequency 
spectrum (<5 Hz) attributable to artifacts. The predominant cause of these artifacts was the pulse beat, whereas in the frequency spectrum 
above 5 Hz, results differed for the two sources of reflected light, the mean frequency in seven healthy volunteers being 7.8 + 1.6 Hz 
for the human nasal mucosa. It is concluded that the FFT system has greater sensitivity in detecting photoelectric signals derived from 
the mucociliary system, and that it is also a useful tool for analyzing the contributions of artifacts to the signal. 


KEY WORDS — cilia, human, maxillary sinus, mucociliary clearance, nasal mucosa, rabbit. 


INTRODUCTION can be measured with photometric techniques. The 
sample containing the beating ciliais observed through 
a microscope. The beam of light from the microscope 
passes through the specimen, and variations of the 
light intensity produced by the beating cilia are picked 
up by a sensitive photodetector. The best signals 
derive from cells viewed from the side; ie, their 
ciliated brush border is clearly seen. Variations in the 
electrical current produced by the photodetector are 
processed for calculations of the CBF. Apart from the 
variations in the photoelectric current that are caused 
by ciliary beat, the signal also contains an amount of 
background noise, due to movements in the environ- 
ment or movements within the ciliated cells them- 
selves. Noise is also generated in the photodetector 
and in the amplifiers. In an attempt to improve the 
system’s capability of extracting the CBF from the 
photoelectric signal, the fast Fourier transformation 
(FFT) has been used in the signal processing.” The 


The mucociliary system is the first line in airway 
defense against noxious stimuli and agents from the 
environment. Inhaled particles, bacteria, and viruses 
are trapped in the mucus that covers the airways and 
are transported by the beat of the cilia to the pharynx, 
where they are either swallowed or coughed up, The 
mucous membranes in the nose, paranasal sinuses, 
and tubal part of the middle ear are all covered with 
a ciliated epithelium, and the same types of cells are 
found in the bronchi and trachea. Nasal cilia are 
approximately 6 um in length, and every ciliated cell 
has 50 to 200 cilia beating continuously.! The loco- 
motion of cilia is achieved through temporal and 
spatial coordination known as metachronism. Fac- 
tors affecting the ciliary beat frequency (CBF) and 
the composition of airway secretions regulate the 
efficiency of the transport of mucus. 


As the driving force of mucus transport is the beat FFT analysis of the signal is here used to produce a 
of cilia, it is important to investigate the CBF. These diagram displaying the amplitudes of the various 
measurements are usually done in vitro, where CBF frequency components that exist in the photoelectric 
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Fig 1. Fast Fourier transformation (FFT) | FFT Max asipli tude 
of ciliary beat frequency in sample from | < *Ee. ean) ee 
human nasal mucosa. Illustration isscreen [0222 ale 
dump from software Viewdac, used for 
analysis. Table to right of diagram shows 
latest 10 FFT calculations of ciliary beat 
frequency, and median of these. 
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signal. A typical example is shown in Fig 1. The 
predominant CBF is defined as the frequency with 
the highest amplitude in the diagram. 


However, in vitro investigations of CBF have 
limitations, Although pharmacologic studies with 
inflammatory mediators and agonists and antago- 
nists exerting effects on the autonomic nervous sys- 
tem enable hypotheses to be generated as to the 
regulation of the mucociliary system, the confirma- 
tion of such hypotheses requires in vivo models for 
physiological experiments. Few such models have 
been described. Experimental work has been done in 
the rabbit maxillary sinus by our own group‘ and in 
the canine trachea,’ representing the upper and lower 
airways, respectively. Light passing through the prepa- 
ration is used in in vitro measurements of CBF, 
whereas reflected light is used in in vivo recordings 
of mucociliary activity. The cilia beating beneath the 
mucus carpet produce a flickering light reflection if 
alight beam of any kind is directed at an angle against 
the mucosa. The variations in the light reflection are 
picked up by a photodetector, and transformed into 
electrical signals that are processed for calculations 
of the mucociliary wave frequency. It is generally 
assumed that the signal represents an averaged CBF 
from many adjacent cells. However, the effect of 
small frequency differences between adjacent cells is 
unknown, nor is it known whether the metachronal 
wave in the mucus produced by the beating cilia 
contributes to the photoelectric signal obtained in 
vivo. 


The main drawback to using experimental animal 
models is the mandatory need for anesthesia, which 
may damp important airway reflexes known to regu- 
late mucociliary function.® Furthermore, a direct ef- 
fect of the anesthesia on CBF cannot be excluded. It 
has also been shown that surgical trauma will affect 
CBF.’ For these reasons, we developed an in vivo 
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model for recordings of mucociliary activity in the 
human nose that facilitates measurements without 
the use of anesthesia of any kind.* However, the 
problem with artifacts caused by movements, for 
example respiration or pulse beat, is greater in vivo 
than in vitro. Moreover, the reflected light from the 
human nasal mucosa is weaker than in animal mod- 
els, as very fine optical fibers are used both for 
incoming light and for the reflected signal. Ithas been 
reported that in vitro recording of CBF has benefited 
from FFT of the signal. Whether the use of FFT can 
improve the experimental system’s capability of cor- 
rectly calculating the mucociliary wave frequency 
also in vivo is not known. The aim of the present 
investigation was therefore to investigate the effect 
of using FFT for frequency analysis on photoelectric 
recordings of mucociliary activity in vivo and on 
signals produced by an artificial light source simulat- 
ing mucociliary activity, and to compare this method 
for processing photoelectric signals with a conven- 
tional peak-counting method for calculating muco- 
ciliary activity. 


METHODS 


The photoelectric signal in the present investiga- 
tion was current-to-voltage converted, filtered, and 
amplified by a custom-made amplifier built by the 
Biomedical Engineering Department, University 
Hospital, Lund, Sweden. The signal was amplified 
500 or 1,000 times and, after passing the amplifier, 
displayed on an oscilloscope. The output from the 
amplifier was picked up by two different systems for 
signal processing. 


Conventional System. Recordings of mucociliary 
activity were analyzed by an IBM 30 AT computer 
(80286 processor running at 10 MHz) equipped with 
a 12-bit analog to digital converter (ADC) board 
(CA0300, CE-Bit Elektronik AB, Solna, Sweden). 


736 Lindberg et al, Mucociliary Activity In Vivo 


The photoelectric signals were processed by a cus- 
tom-madecomputer program with an algorithm count- 
ing each change of polarity of the derivative of the 
signal (eg, a maximum or minimum) as a new muco- 
ciliary wave, provided that there had been a sufficient 
change in amplitude since the last count, thus reduc- 
ing the risk of counting noise.’ The mucociliary wave 
frequency was calculated each 10 seconds. This equip- 
ment, or an almost identical prototype, has been in 
use in the laboratory since 1981 and conforms to the 
tradition of manually counting the mucociliary wave 
frequency on strip charts or plotter printouts. This 
method is hereinafter referred to as “old.” 


Fast Fourier Transformation System. Fast Fourier 
transformation of identical raw signals from the am- 
plifier was performed by a Hewlett-Packard Vectra 
(80486 processor running at 66 MHz) equipped with 
a 12-bit ADC board (DAS-1401; Keithley, Taunton, 
Mass) and processed by the computer program View- 
dac (version 2.1) from the same manufacturer. The 
sampling frequency was 100 Hz, and FFT was calcu- 
lated on 1,024 data points each 10 seconds. Twenty- 
four zeros were appended to the 1,000 acquired data 
points. A rectangular window function was used. The 
Viewdac software permitted the investigator to select 
a window for the display of the FFT diagram, and this 
interval was set to 0.5 to 45 Hz in the experiments. 
This method is hereinafter referred to as FFT. The 
calculation of FFT is displayed as an x-y diagram 
with the abscissa showing the frequency and the 
ordinate displaying the amplitude of the power at the 
corresponding frequency. The FFT algorithm con- 
sidered the frequency component of the spectrum 
that had the greatest power to be the mucociliary 
wave frequency in the investigated mucosa. All ex- 
periments were recorded on both computer systems 
simultaneously, if not otherwise stated. 


Function Generator Experiments. A function gen- 
erator (Wavetek Function Generator model 95, 
Wavetek, San Diego, Calif) was connected to a 
standard 5-mm red light-emitting diode (LED), in 
series with a current-limiting resistor. The output 
from the function generator was a sinusoidal voltage. 
A DC offset component was added to the sine wave 
in order to avoid extinction of the light from the LED 
during negative parts of the sine wave. The LED was 
positioned 50 mm from the diaphragm of the pho- 
totransistor used. The diaphragm has a diameter of 
200 um. The experiments were run in the laboratory 
in ordinary room background light and with the gain 
of the amplifier set to x1,000. The threshold levels 
(expressed in millivolts) were determined for the 
following frequencies: 5, 7.5, 10, 15, 20, 30, and 40 
Hz. The threshold voltage was defined as the lowest 


peak-to-peak voltage supplied to the LED and resis- 
tor at which the signal processing system was able to 
correctly calculate the CBF (input frequency as dis- 
played on the function generator + 10%) in at least 4 
of 7 consecutive measurements. The threshold levels 
were plotted on a log scale as a function of the 
frequency. At the end of the experiments the back- 
ground electrical noise in the system was recorded by 
turning the LED off and performing FFTs both in 
room lighting and in complete darkness. 


In another series of function generator experi- 
ments, a compound signal was used for the experi- 
ments. The purpose of this experiment was to inves- 
tigate the FFT system’s ability to calculate the correct 
frequencies of simultaneous signals of different fre- 
quencies, simulating signal and noise. Two experi- 
mental series with three combinations were used (the 
numbers within parentheses refer to the relative in- 
tensity of the signal): Series 1 I: 1 Hz(3),4Hz(3), and 
7 Hz (1); H: 1 Hz (3), 4 Hz (3), and 10 Hz (1); MI: 1 
Hz (3), 4 Hz (3), and 15 Hz (1). Series 21: 1.01 Hz (3), 
4.05 Hz (3), and 7.08 Hz (1); II: 1.01 Hz (3), 4.05 Hz 
(3), and 10.12 Hz (1); M: 1.01 Hz (3), 4.05 Hz (3), and 
15.18 Hz (1). The second series was done to investi- 
gate the effect on the FFT analysis of a small shift in 
frequency. All signals were sinusoidal and the volt- 
age delivered to the LED varied between 4 and 40 
mV. Only the FFT system was used in these experi- 
ments. 


Animal Experiments. Adult white New Zealand 
rabbits weighing 2.1 to 3.5 kg were used in this study. 
The rabbits were housed in an approved animal 
facility, and the protocol was approved by the Com- 
mittee for Animal Care and Use of the University of 
Lund. The photoelectric technique and its surgery has 
been reported previously.‘ In brief, under anesthesia 
with urethane (2 g/kg), a size 3F cannula (Portex Ltd, 
Hythe, England) was placed in the facial or lingual 
artery and continuously perfused with physiological 
saline at 2 to 5 mL/h to keep the inlet open. This intra- 
arterial route was used for administering methacholine, 
a known accelerator of mucociliary activity.!° The 
mucosa was exposed via a trepanation in the ipsilat- 
eral maxillary sinus of about 2 x 8 mm. To prevent 
desiccation of the mucosa, the opening was covered 
with a window heated to approximately 38°C and 
sealed to the bone with bone wax (Ethicon, England). 
A light beam from acold light source was directed on 
the maxillary sinus mucosa, producing a reflection 
from the mucus carpet. Mucociliary activity (visible 
as flickering light reflections) was observed through 
a binocular microscope (Zeiss, Oberkochen, Ger- 
many). Once distinct reflected light patterns had 
been identified, one eyepiece was replaced with a 


``” PSS a E A ee 


Lindberg et al, Mucociliary Activity In Vive 737 


photodetector and the light fluctuations were re- 
corded. The recordings were analyzed simultane- 
ously with the two systems for signal processing, and 
the mucociliary wave frequency was calculated ev- 
ery 10 seconds. Induced frequency changes were 
expressed as percentages of the frequency zero level 
(the basal mucociliary wave frequency immediately 
preceding the administration of methacholine). Rec- 
tal temperature was monitored and body temperature 
was maintained at 37.0°C to 38.5°C with a heating 
pad. Methacholine (Sigma, St Louis, Mo) was dis- 
solved in physiological saline. Bolus doses were 
administered in 0.2-mL volumes followed by a 0.3- 
mL flush of normal saline (the volume of tubing 
between the syringe and the cannula opening). 


The experimental procedures were as follows: 


1. The normal variations of mucociliary activity 
were determined in eight rabbits after bolus injec- 
tions of physiological saline. Physiological saline is 
commonly used as a vehicle for various pharmacologic 
challenges. 


2. Eight rabbits were injected intra-arterially with 
bolus dosages of 0.5 ug/kg methacholine, a dose that 
produces an increase of mucociliary activity of about 
30%! and that is used as a reference challenge in the 
laboratory to determine whether a preparation is 
working properly. 


3. The effect of 0.01 ug/kg and 0.05 ug/kg meth- 
acholine on mucociliary activity was recorded in 
seven rabbits. These doses are close to the theoretic 
threshold dose for methacholine in this animal model 
of 0.03 ug/kg.!0 


4. The morphometric characteristics of the record- 
ings of mucociliary activity have previously been 
found to be important for the experiments, and the 
presence of a so-called herringbone pattern with 
alternating small and large amplitudes of the waves 
was used as an indicator that the photoelectrical 
signal was adequate and free of artifacts.4 In seven 
rabbits a spot in the mucosa was selected that did not 
manifest this pattern, and was therefore considered 
an unsuitable signal source for mucociliary experi- 
ments. These rabbits were then challenged with 0.5 
ug/kg methacholine. 


Human Experiments. Seven male volunteers, 31 to 
44 years of age, were enrolled in the study. The study 
design was approved by the Ethics Committee of the 
University of Lund. All subjects were nonsmokers, 
and none had a history of chronic sinusitis, nasal 
surgery, or systemic medication, or had had acute 
upper airway disease or nasal medication during the 
3 weeks preceding the study. 


The subject sat relaxed astride an upright chair, 
facing the back of the chair, which gave support to the 
chest, being instructed to lean slightly forward with 
the elbows resting on a corneal microscope table 
modified for this purpose. The lower jaw and the 
forehead were supported by a frame affixed to the 
corneal microscope stand, and the upper jaw was 
fixed by a plastic cast of the subject’s upper teeth, 
screwed to the stand. Without local anesthesia, mu- 
cociliary activity was recorded from the nasal septum 
approximately 45 to 50 mm from the nasal vestibule 
at the level of the middle meatus, the probe being 
carefully advanced into the nose under direct visual 
control with a 25° nasoscope (Panoview Plus, Rich- 
ard Wolf Gmbh, Knittlingen, Germany). The probe 
could be rotated along its axis and its position ad- 
justed by means of micrometer screws. Light to and 
from the mucosa was transmitted by optical fibers 
with an inside diameter of 100 um. Visual control of 
the light reflections was obtained by a separate opti- 
cal fiber bundle.® 


The mucociliary wave pattern was monitored con- 
tinuously on an oscilloscope, and processed by the 
FFT signal processing system. The recordings of 
mucociliary activity were compared to subsequent 
recordings of light reflections produced by alumi- 
num foil positioned on the nasal dorsum. The photo- 
electric signals from the septum and the aluminum 
foil were followed for 5 minutes each. This experi- 
ment was done in order to analyze the role of artifacts 
in the photoelectric signals produced by pulse, breath- 
ing, and body tremor, which are assumed to be 
approximately equally represented in the mucociliary 
activity and the aluminum foil recordings, whereas 
the signal derived from the ciliary beats is absent in 
the aluminum foil recording. 


Statistics and Data Analysis. The results of each 
experiment was presented as the mean + SEM. The 
correlation coefficients were calculated according to 
Pearson. The statistical test for the mucociliary ex- 
periments was Student’s t-test for paired data (re- 
sponses being normally distributed), with the excep- 
tion of the experiments with poor light reflections in 
rabbits and in the human nasal mucosa, in which 
Wilcoxon’s matched pairs signed-rank test (paired 
data) and the Mann-Whitney U-test (unpaired data) 
were used instead, owing to the non-Gaussian distri- 
bution of the responses. The induced frequency 
changes were expressed as percentages of the fre- 
quency zero level, ie, the basal mucociliary activity 
immediately before a challenge. Peak response and 
area under the curve (AUC) during a 5-minute obser- 
vation period after a challenge were used for the 
evaluations. P values of < .05 were considered sig- 
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Fig 2. Threshold levels for both signal processing systems 
for detection of correct (tolerance + 10%) frequency from 
standard 5-mm light-emitting diode as function of fre- 
quency. Threshold levels are plotted on log scale. 


nificant. 
RESULTS 


Function Generator Experiments. The threshold 
levels were measured as peak-to-peak voltage deliv- 
ered to the LED from the Wavetek function genera- 
tor, at which the signal processing systems were able 
to correctly calculate the input frequency to the LED. 
The threshold levels differed considerably between 
the two processing systems for detection of mucocili- 
ary activity. The output voltage of the function gen- 
erator needed to detect a signal correctly was much 
higher in the old processing system than in the FFT 
system, the respective threshold levels for adequate 
detection being approximately 0.5 V (range, 0.22 to 
1.75 V) and 10 mV (range, 7 to 12 mV). Dividing 0.5 
V by 10 mV gives a sensitivity difference factor 
between the two signal processing systems of 50 in 
favor of the FFT system. The comparison is even 
more favorable to the FFT system if one takes into 
account that the FFT system yielded the exact fre- 
quency in 98% of the readings, as compared to the 
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10% deviation from the true frequency allowed in the 
experiments with the old system. Had the same level 
of accuracy been required of the old system, the 
difference in the detection thresholds would have 
been even greater. Besides being the more sensitive 
of the two signal processing systems, the FFT system 
was more stable and the threshold level varied little 
between the various frequencies tested when the FFT 
system was investigated. In contrast, the threshold 
levels for the old signal processing system were 
frequency-dependent, and the sensitivity fell for fre- 
quencies below 15 Hz (Fig 2). 


The noise in the system was found to be identical 
with or without the presence of background light. The 
power spectrum was in the 10-5 units (actually volts 
squared) range for noise, as compared to 10° to 10-3 
units for typical analysis of mucociliary activity or 
light fluctuations emitted by the LED (data not shown). 


In another series of function generator experi- 
ments, a compound signal was used for the experi- 
ments and the signal was processed by FFT only. The 
system was found to correctly calculate the frequen- 
cies of the three components of the compound signal. 
Also, the relative amplitudes were correctly calcu- 
lated, with the exception of the 1-Hz component, 
which was attenuated (Fig 3). The FFT amplitudes of 
the 7-, 10-, and 15-Hz components were approxi- 
mately 10 times weaker than that of the 4-Hz compo- 
nent. The amplitudes of all components were depen- 
dent on the voltage used in a linear relation in the log- 
log plot. The small shift of the frequencies between 
series 1 and 2 did not influence the relative ampli- 
tudes when the different components were com- 
pared — only the absolute values of the amplitudes. 


Animal Experiments. Bolus injections of physi- 
ological saline did not affect mucociliary activity. 
The maximum increase did not differ from the varia- 


Fig 3. Results of combination experiments with 
function generator (which acted as “ciliary simula- 
tor”). Amplitudes in power spectrum at various 
inputs in log-log diagram. Note that amplitudes of 
frequencies in range 7 to 15 Hz overlap each other. 
Rectangular box displays typical power spectrum 
showing results of experiment with compound sig- 
nal of 1.01, 4.05, and 10.12 Hz. Slopes of plots 
varied from 2.47 to 2.67, which is slightly higher 
than expected. Theoretic equation is PFFT = K x U2, 
where PFFT is amplitude in FFT analyses, K is 
constant, and U is voltage of current delivered to 
light-emitting diode; thus, slope of 2 is expected. 
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Fig 4. Time course of mucociliary activity in rabbit max- 
illary sinus of bolus dose of 0.5 ug/kg methacholine 
injected intra-arterially (N = 8). 


tions measured before the bolus injections. However, 
the peak values during the 5 minutes after injection 
with saline were significantly higher when measured 
with FFT, 11.6% + 1.7%, as compared to 6.6% + 
0.6% measured with the old system (p < .05, N = 8). 
The AUC for the saline experiments did not differ 
between the two systems for signal processing, the 
calculated areas being —17.8 + 48.6 percentage sec- 
onds (FFT) and 22.3 + 18.8 percentage seconds (old). 
The FFT analysis yielded greater spontaneous changes 
in the mucociliary wave frequencies than did the old 
system, manifested not only as a higher peak but also 
as a higher coefficient of variation in the saline 
experiments, the coefficients of variation being 5.9% 
+ 0.5% inthe FFT analysis and 2.9% + 0.2% in the old 
analysis (p < .001). A frequency zero level of 1,260 
+ 242 waves per minute was obtained with the FFT 
system, and of 1,317 + 64 waves per minute with the 
old system. This difference was not significant. Cor- 
relation of raw data obtained with the two methods of 
determining the frequency zero level showed corre- 
lation to be excellent (r = .92). 


The increase in mucociliary activity after chal- 
lenge with 0.5 pg/kg methacholine produced a prompt, 
transient increase of mucociliary activity, as ex- 
pected. This increase was significantly higher with 
the FFT system than with the old system: 55.3% + 
8.3% versus 43.0% + 8.2% (p< .05, N=8). The AUC 
was also significantly larger in the FFT analysis, the 
FFT AUC being 685.33 + 162.8 percentage seconds 
and the old AUC being 556.4 + 169.0 percentage 
seconds (p < .05). When the peak responses were 
correlated, the slope was 0.84 and the coefficient of 
correlation r = .86, indicating a strong correlation be- 
tween the two methods. Correlating the AUC showed 
an even better correlation between the two methods 
for signal processing; the slope was 1.0 and the cor- 
relation coefficient r= .96, indicating an almost ideal 
regression between the two methods. In contrast to 
the experiments with physiological saline, the fre- 
quency zero levels differed significantly between the 
two methods: 1,109 + 64 waves per minute (FFT) 
versus 1,215 + 50 waves per minute (old) (p < .01). 
Analysis of the temporary responses showed that 
FFT analysis yielded stronger increases of mucociliary 
activity than did the old system (Fig 4). This differ- 
ence was consistent throughout the duration of the 
main response, ie, between 30 and 180 seconds after 
challenge. 


Neither FFT nor the old system of analysis showed 
any effect of 0.01 ug/kg methacholine, as compared 
to saline. For the higher dose tested, 0.05 ug/kg 
methacholine, the FFT system revealed a significant 
change in the peak response, but the old system still 
detected no change in the mucociliary activity as 
compared to saline (Table 1). 


Both methods of calculating mucociliary wave 
frequency showed a strong response after challenge 
with0.5 ug/kg methacholine, even when the morpho- 
metric characteristics of the photoelectric signal were 


TABLE 1. EFFECT OF METHACHOLINE AT DOSAGES OF 0.01 OR 0.05 MICROGRAMS PER KILOGRAM, AS 
COMPARED TO VEHICLE PHYSIOLOGICAL SALINE, ON MUCOCILIARY ACTIVITY IN RABBIT MAXILLARY SINUS 


Challenge FFT Old pFFT pOld pMethods 
Peak responses | 

NaCl 9.3% + 2.0% 9.6% + 1.1% 

0.01 pg/kg 16.6% + 8.0% 11.8% + 4.0% NS NS NS 

0.05 pg/kg 40.3% + 14.8% 20.3% + 4.8% <,05 NS <.05 
AUC 

NaCl ~94.1%s + 25.2%s 31.3%s = 31.1%s 

0.01 ug/kg ~25.9%s + 44.7%s 20.6%s + 37.3%s NS NS NS 

0.05 pg/kg 205.6%s + 191.8%s 117.4%s + 52.1%s NS NS NS 


Values are means and SEM. Peak responses are percentage changes from frequency zero level immediately before challenge, and area under the 
curve (AUC) during 5 minutes after challenge is expressed as percentage seconds (%s) calculated with polygonal method. pFFT and pOld refer to 
comparisons with saline, and pMethods refers to comparisons between old (see text) and fast Fourier transformation (FFT) systems of signal 


processing. 
NS — not significant. 
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Fig 5. Example of FFT analysis of raw data in subject 3 (36-year-old man). Graphs are based on screen dumps from software 
Viewdac. A) Results of experiments with aluminum foil. B) Results obtained from nasal mucosa. 


considered poor by the investigator. The mucociliary 
increase was 85.2% + 23.7% as calculated with the 
FFT system, and 43.0% + 8.8% as calculated with 
the old system (p < .05, N = 7), the respective AUCs 
being 1,273.5 + 461.1 percentage seconds and 616.5 
+ 167.5 percentage seconds (p < .05). The tendency 
toward a stronger increase of mucociliary activity in 
the FFT analysis when the photoelectrical signal was 
considered poor, as compared to challenge during a 
better photoelectrical signal, was not significant ac- 
cording to the Mann-Whitney U-test for unpaired 
data. 


Human Experiments. Recordings from the septal 
mucosa and those from aluminum foil on the nasal 
dorsum showed some similarities in the lower fre- 
quency spectrum (below 5 Hz). Typical FFTs of the 
signals are shown in Fig 5. The most likely explana- 
tion for the peak at approximately 1 Hz is the pulse 
beat, whereas peaks at 2 and 3 Hz may represent 


higher harmonics of the pulse. This was easily seen 
when using aluminum foil as a light-reflecting sur- 
face, each pulse beat causing vibrations in the foil. 
The major difference between the two recordings 
was seen between 7 and 10 Hz, where the septal 
recordings displayed distinct peaks less often noticed 
in the experiments with aluminum foil. In order to 
interpret the results, every FFT of raw data was 
analyzed stepwise and a histogram was calculated for 
each of the seven volunteers. The predominant peaks 
in the frequency intervals 0 to 5 Hz and 5 to 10 Hz (in 
one case, 5 to 20 Hz) were noted separately. Both 
frequency and the amplitude of the peak were calcu- 
lated. It was found that the means were significantly 
higher for measurements in the human nasal mucosa: 
7.8 + 1.6 Hz (mucosa) versus 6.2 + 0.4 Hz (alumi- 
num) for frequencies above 5 Hz, and 2.9 + 1.2 Hz 
(mucosa) versus 2.1 + 1.0 Hz (aluminum) in the lower 
frequency interval. Raw data for this comparison are 
given in Table 2, and the corresponding histograms 


TABLE 2. FREQUENCY MEANS OBTAINED BY ANALYSIS OF RECORDINGS OF MUCOCILIARY ACTIVITY 
IN HUMAN NASAL MUCOSA, COMPARED TO MEASUREMENTS FROM ALUMINUM FOIL PLACED 


ON NASAL DORSUM 
<5 Hz >5 Hz 
Subject Mucosa Aluminum Mucosa Aluminum 
| 4.06 Hz (30) 3.68 Hz (23) 11.25 Hz (31) 6.39 Hz (30) 
2 3.96 Hz (31) 3.38 Hz G1) 6.82 Hz 31) 5.94 Hz (31) 
3 2.10 Hz (30) 1.44 Hz (31) 6.64 Hz (31) 6.26 Hz (18) 
4 1.07 Hz (30) 1.02 Hz (30) 8.46 Hz (30) 5.75 Hz (15) 
5 3.74 Hz (31) 1.29 Hz (30) 7.00 Hz (28) 5.81 Hz (6) 
6 3.46 Hz (31) 1.85 Hz (31) 7.07 Hz (31) 7.00 Hz (22) 
7 1.89 Hz (30) 2.00 Hz (30) 7.18 Hz (29) 6.02 Hz (27) 
Mean 2.90 Hz 2.09 Hz 7.77 Hz 6.17 Hz 
SD 1.19 Hz 1.04 Hz 1.64 Hz 0.43 Hz 


Frequency spectra below and above 5 Hz were analyzed separately. Intervals of 10 seconds during 5 minutes were analyzed in both types of 
experiments. Differences beween means were significant for peaks both above and below 5 Hz (p < .05, Wilcoxon’s test for paired data). Figures 


in parentheses refer to number of distinct peaks seen. 
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Fig 6. Histograms showing results for seven subjects investigated 
both in their nasal mucosa (open bars) and by means of aluminum 
foil placed on nasal dorsum (solid bars). Note that frequency 
values along abscissa in diagram for subject 1 differ from those 
in others (from 0 to 20 Hz instead of 0 to 10 Hz), owing to higher 
frequencies recorded in this subject. 
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for the number of peaks at each frequency in the 
subjects are shown in Fig 6. 


Both similarities and dissimilarities were found 
between the two sources for the photoelectric signal. 
In one subject, No. 2, there was obvious overlapping 
between the aluminum and the intranasal recordings, 
whereas in subjects 1, 3, 4, 5, and 6 there was a clear- 
cut difference in the number of peaks in the region 
above 5 Hz. In subject 7, a number of peaks were 
found above 5 Hz in the recordings from the alumi- 
num foil, approximately centered around 6.5 Hz. The 
number of peaks in the region above 5 Hz, in the 
intranasal measurements from the same subject, were 
centered around 7.5 Hz instead. In all subjects, intra- 
nasal peaks in the region above 5 Hz were found in 
almost all recordings during the 5-minute interval. 
This is in contrast to the recordings from the foil, 
which in subjects 3 to 6 showed distinct peaks above 
5 Hz in a reduced number of measurements (range, 6 
to 22 recordings; see Table 2). 


There were no differences between the amplitudes 
of the FFT analysis, except for the aluminum experi- 
ments, in which the amplitude for peaks below 5 Hz 
was stronger than for peaks above 5 Hz: 2.3 + 1.6 
versus 0.6 + 0.5 units (p < .05). In five of seven 
subjects, the ratio between the amplitudes above 
versus below 5 Hz was higher for the mucosal record- 
ings than for the aluminum foil recordings, the re- 
spective mean ratios being 0.9 + 0.8 and 0.7 + 1.0 (N 
=.7; not significant). 


DISCUSSION 


Function Generator Experiments. The great dif- 
ference in sensitivity between the FFT and old sys- 
tems in these experiments is remarkable, but it should 
be borne in mind that the conditions during in vitro 
experiments, and in in vivo experiments on rabbits, 
admit relatively good signal-to-noise ratios, and the 
amplitude of the photoelectric signal can be kept well 
above the threshold for safe detection even with the 
‘old system. It is conceivable, however, that the lim- 
ited sensitivity of the old system makes it less suitable 
for detecting mucociliary activity in human in vivo 
experiments, considering the presence of stronger 
artifacts and the inferior light situation that has to be 
dealt with. Therefore, the FFT system is believed to 
be better suited for experiments of this kind. 


The reason for the poorer sensitivity of the old 
system is the peak-counting algorithm. When the 
signal is weak, the amplitude of the noise will be large 
relative to that of the LED signal. The computer 
program cannot distinguish between the LED signal 
and noise, but will count any peak that fulfils the 


criterion of the algorithm. In the algorithm, the differ- 
ence in amplitude between two consecutive changes 
in signal direction is calculated and expressed as a 
percentage of the current envelope amplitude of the 
signal. When this ratio is sufficiently high, a peak will 
be counted. This means that noise will produce many 
peaks when the signal is weak. Accordingly, the 
output of the old system will be a frequency that is too 
high. Moreover, as the amplitude of the signal de- 
creases, the dynamic range of the analog-to-digital 
conversion board will be less utilized. Only a limited 
number of the binary digits will be used, and the so- 
called quantization noise will increase. This will 
impair the behavior of both systems, but will be more 
conspicuous in the old system, because of the algo- 
rithm. As for the FFT system, the impaired signal-to- 
noise ratio affects the algorithm differently. If the 
noise can be described as random fluctuations in the 
signal, no individual frequency component of the 
noise will be particularly outstanding in the FFT, 
whereas the LED signal, which has a fixed fre- 
quency, will be easily distinguished. The difficulty 
for the old system in differentiating between noise 
and a weak signal was greater at frequencies below 15 
Hz (Fig 2). Assuming the number of spurious peaks 
counted by the old signal processing system to be 
independent of the signal frequency, the contribution 
to the measured frequency by the spurious peaks will 
be relatively larger at lower frequencies. 


Figure 3 shows that the FFT system easily detected 
frequencies of approximately 7, 10, and 15 Hz simu- 
lating beating cilia despite the contribution to the 
compound signal of stronger 1- and 4-Hz compo- 
nents representing artifacts, when the signals were 
presented simultaneously. The light intensity in- 
creased progressively as the current increased, Al- 
though, as expected, the plots resemble straight lines, 
the slopes were approximately 2.5, thus differing 
from the theoretic value of 2. This is probably to be 
explained by nonlinear characteristics of the LED. It 
was also found that the 1-Hz component was attenu- 
ated, as compared to the 4-Hz component, although 
both had the same intensity at the LED. The explana- 
tion of this is that the amplifier is AC-coupled in order 
to obstruct the DC component of the photoelectric 
signal, ie, the voltage that originates from the back- 
ground light reflected from the mucosa. In fact, the 
AC coupling works as a high-pass filter. In our 
amplifier, as the cutoff frequency is approximately 3 
Hz, the 1-Hz component of the compound signal is 
attenuated and thus less pronounced than the 4-Hz 
component in the FFT diagram. The amplitudes ofall 
higher frequencies were approximately 10 times 
weaker than the amplitude of the 4-Hz component. 
This was to be expected, as the relationship between 
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the LED current and FFT power is squared, and the 
voltage ratio is 1:3. 


The FFT is a discrete Fourier transform that yields 
samples of the power spectrum ata limited number of 
frequencies. In the present FFT analysis of photo- 
electrical signals, there were 512 equally spaced 
frequencies ranging from 0 to 50 Hz. This entails a 
limitation in the FFT’s ability to calculate the correct 
amplitudes of single-frequency signals, ie, sine waves. 
Only if the frequency of such a signal happens to be 
identical to one of the sample frequencies at which 
the FFT is computing will the amplitude be correctly 
calculated. At any other frequency, there will be 
leakage distributed among all other samples in the 
frequency domain, resulting in a loss of amplitude at 
the peak frequency. The maximum loss, which oc- 
curs when the frequency falls exactly in the middle 
between two frequency samples, is 3.9 dB, provided 
that a rectangular window function is used on the 
acquired data. When applying sinusoidal signals, itis 
therefore difficult to predict the exact amplitudes that 
will appear in the power spectrum, as they are strongly 
frequency-dependent. However, shifting the output 
frequencies from the function generator from 10 to 
10.12 Hz, for example, affected the magnitude of the 
amplitudes, but not their dependency on the current 
delivered to the LED. As natural signals possess a 
wider frequency spectrum, the amplitude of a pho- 
toelectric signal containing real CBFs will not suffer 
from the above-mentioned limitations of the FFT. 


Animal Experiments. The use of different algo- 
rithms in the two systems may explain why the 
respective frequency zero levels differ significantly 
from each other in some of the experiments. In the old 
system the mucociliary wave frequency is the num- 
ber of peaks counted over a period of 10 seconds, then 
multiplied by six to obtain the number of waves per 
minute. As mentioned in Methods, the risk of count- 
ing peaks produced by noise is reduced by the com- 
puter program, but it is most probable that in spite of 
this, noise actually contributes to some extent to 
increase the value of mucociliary wave frequency, as 
the effect of noise cannot be completely eliminated 
by the old algorithm. Owing to the risk of counting 
noise peaks in the old system, the values may be 
smoothed; this may explain the lower coefficient of 
variation found when the old system was used for 
analysis of mucociliary wave frequency. 


As, in the methacholine experiments, the old sys- 
tem yielded somewhat higher-frequency zero levels 
than did the FFT system, any percentage variation in 
CBF will be smaller with the old system than with the 
FFT system. This may account for some of the 
differences between the two plots in Fig 4, in which 


it can be seen that the increase according to the old 
system is smaller. 


Correlation analysis showed the results obtained 
with the two systems to be strongly correlated. This 
indicates that changes in mucociliary wave frequency 
as calculated with the old system as percentages of 
the frequency zero levels correctly depict events in 
the mucociliary system in response to challenge, 
despite the old system’s shortcomings. On the other 
hand, only the FFT system could detect any signifi- 
cant effect of a low dose of methacholine. This 
suggests that problems caused by noise, which are 
inevitable in all recordings of mucociliary activity, 
can be reduced by FFT processing of signals. 


The results of experiments with morphometrically 
poor signals were noteworthy. The mean increase of 
the mucociliary wave frequency as a percentage of 
the frequency zero levels in these experiments did not 
differ from those in experiments with a signal consid- 
ered to be optimal. This indicates that morphometric 
characteristics of the signal are of less importance 
than previously thought, and that weak, nonoptimal 
signals may contain information just as relevant as 
that obtainable from stronger light reflections con- 
sidered optimal by the investigator. 


Human Experiments. Assuming light reflections 
from aluminum foil placed on the nasai dorsum to 
display the same artifacts produced by pulse beat, 
breathing, and body tremor as do recordings from the 
nasal mucosa, the rationale for this experiment was 
that artifacts would be present in both measurements, 
but fluctuations of the light intensity due to ciliary 
beat would only be present in the recordings from the 
mucosa. 


It was found in several of the subjects (Nos. 3 to 6) 
that there were fewer peaks in the FFT analysis in the 
interval above 5 Hz in signals from the aluminum foil 
than in signals from the nasal mucosa. In the FFT 
analysis, the mean amplitude was also lower in the 
interval above 5 Hz in the aluminum foil experi- 
ments; this is consistent with the finding that signals 
in the supposed ciliary region (between 5 and 20 Hz) 
were not only fewer but also weaker in these experi- 
ments. 


In several of the subjects (1, 2, 5, and 6), a peak at 
4 Hz appeared in recordings from the nasal mucosa. 
Whether some cilia actually beat that slowly in situ is 
not known. Using the laser light-scattering technique 
for recordings of the CBF in the trachea of dogs, 
Wong et alô found a frequency zero level of about 5 
to 7 Hz in some dogs. On the other hand, in most 
studies of CBF in vitro, the frequency in human nasal 
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cilia was found to be about 11 Hz by means of 
FFT.2:3!! Another possibility is that the 4-Hz peak 
actually represents the frequency of the metachronal 
wave, which may differ from the CBF. The frequency 
of the metachronal wave in humans is not known. In 
dogs and sheep, a metachronal wave period of 0.47 to 
2.6 seconds, corresponding to a frequency of the 
metachronal wave of approximately 0.4 to 2 Hz, has 
been reported.!? The observed 4-Hz peak is probably 
not to be explained by physiological tremor, as the 
frequency of this phenomenon is usually between 8 
and 12 Hz, although in a recent study by others a 
slightly lower frequency of 6 to 9 Hz was found in 
healthy individuals.!3 However, in fatigue, another 
tremor may be seen in healthy individuals of about 4 
to 6 Hz in addition to the physiological.!4 It is there- 
fore possible that neck muscle tenseness may have 
produced the 4-Hz peak observed in these subjects, as 
sitting in a fixed position becomes awkward after a 
while for most volunteers. 


When we used aluminum foil placed on the nasal 
dorsum as a light-reflecting surface, the photoelec- 
tric signal was affected by the pulse beat, each beat 
Causing vibrations in the foil. These vibrations con- 
tain the fundamental frequency of the pulse, approxi- 
mately 1 Hz, but also higher harmonics of which 
some, unfortunately, may appear in the frequency 
region in which mucociliary activity is expected to be 
manifested. In subjects 3 to 6, the spectra in the 
aluminum foil experiments seemed to reflect the 
pulse beat, with a predominant peak close to 1 Hz, 
whereas in subjects 1 and 2 the spectra did not 
manifest this expected pattern. A possible explana- 
tion is that the mechanical effect of the pulse beat 
varies from one subject to another because of indi- 
vidual variations in the distance between the pulsat- 
ing blood vessel and the mucosa. In those subjects in 
whom the pulse beat obviously strongly affected the 
signal, the higher harmonics of the pulse beat might 
have been falsely “interpreted” by the FFT system as 
frequencies produced by cilia. In interpreting the 
frequency histograms shown in Fig 6, it should be 
borne in mind that frequencies below 3 Hz are attenu- 





ated by filters, which means that the fundamental 
amplitudes of the pulse beat are actually stronger than 
they appear in the histograms. 


Previous experiments in vitro on explants from the 
human nasal mucosa have shown the mean mucocili- 
ary frequency before challenge to be 10 to 11 Hz.231! 
It is noteworthy that the in vivo experiments yielded 
a lower frequency, with a mean of 7.8 Hz. At present 
there is no unequivocal explanation of this discrep- 
ancy. It seems reasonable, however, that the mucus, 
which is absent in the in vitro experiments, to some 
extent impedes the movement of the cilia — hence 
the higher frequency in in vitro experiments. It is also 
possible that other factors, such as release of inflam- 
matory mediators by the biopsy procedure, acceler- 
ate mucociliary activity in the in vitro specimens. 
Indeed, such important inflammatory mediators as 
prostaglandins are potent ciliary stimulators,!> and 
trauma has been shown to profoundly increase the 
mucociliary wave frequency in the canine trachea.’ 


The results of the human in vivo experiments 
suggest that the quality of the photoelectrical signal 
can be impaired by artifacts caused by pulse beat, 
breathing, and body tremor. In the worst scenario, the 
predominant frequency of the power spectrum may 
derive solely from such artifacts, thus causing an 
erroneous reading of the mucociliary wave frequency. 
The present findings show that the sources of the 
artifacts have to be identified. One prerequisite is to 
analyze the photoelectric signal in the frequency 
domain. The FFT, which has been employed in this 
study, is a tool that can be used also in the process of 
identifying the origins of the artifacts. Moreover, the 
function generator experiments showed the FFT sys- 
tem to be able to correctly calculate a simulated 
mucociliary wave frequency at much lower signal- 
to-noise ratios than the old system. We expect to 
benefit from these features of the FFT method, par- 
ticularly in future human in vivo experiments, in 
which the signal-to-noise ratios are lower and arti- 
facts more frequent than in other types of experi- 
ments. 
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HISTORICAL VIGNETTE:SIR WILLIAM HINGSTON, NASAL 
FIBROMAS, AND THE UPSIDE-DOWN OPERATION 


JACK COHEN, MD 
MONTREAL, CANADA 


Dr William Hingston was one of Canada’s most illustrious surgeons in the second half of the 19th century. Some interesting accounts 
are presented of his experience with “fibrous nasopharyngeal tumors” and the ingenuity he used to resect these difficult tumors. 


KEY WORDS — nasal fibroma, William Hingston. 


Dr William Hingston (see Figure) was one of 
Canada’s most illustrious surgeons in the second half 
of the 19th century. He was born in Lower Canada in 
1829 and received his medical degrees at McGill 
University and Edinburgh. This was followed by a 
year visiting the clinics of several European cities. 
Upon his return to Canada in 1854, he was accepted 
on staff at the Hdtel-Dieu Hospital in Montreal, 
where he continued an active surgical practice until 
the early years of the 20th century. He wrote many 
medical articles and was the author of a book on the 





Dr William Hingston. (Reprinted with permission from 
reference 1, page 69, from the Collection des Religieuses 
Hospitaliéres de Saint-Joseph de Montréal.) 


climate of Canada.! Dr Hingston found the time to be 
a member of many scientific and other organizations, 
was president of a bank and director of several 
companies, and in 1875-1876 even served a term as 
mayor of Montreal. In recognition of his many tal- 
ents, he was knighted by Queen Victoria in 1895 and 
appointed to the Canadian Senate in 1896.! 


Dr Hingston performed much surgery of the head 
and neck. He was adept at maxillectomies and man- 
dibulectomies, and was the first surgeon to resect 
both the mandible and tongue for carcinoma. Even 
though he was the earliest to publish such a case, he 
never received the credit for it, probably because it 
was published in a Canadian journal not read in other 
countries. ! 


One day in 1889, a patient with an interesting 
problem came to see him.? A young man, otherwise 
in good health, had a large tumor of the nasal airway. 
Anteriorly, it protruded through the nostrils, dilated 
the alae, and distended the nasal bones, giving the 
patient a froglike appearance. Posteriorly, it had 
deformed the hard palate and stretched the soft palate, 
and was protruding one half inch below it. The patient 
could not breathe at all through his nose, and had 
developed considerable dysphagia. Digital examina- 
tion revealed that the tumor was not a nasal polyp or 
polyps on a narrow Stalk, but was probably a tumor 
adherent to the periosteum of the base of the occiput, 
the atlas, and the sphenoid. Dr Hingston felt that it 
represented a nasopharyngeal polyp of the fibromatous 
type (probably a nasopharyngeal fibroma in modern 
terminology). 


Dr Hingston began to think about the best way to 
remove this mass. From his experience with these 
tumors, he knew that the bleeding would be consid- 
erable. He recalled one case that he started using 
chloroform anesthesia. The approach was an incision 
through the middle of the upper lip, along one alar 
base and up the side of the nose, then cutting bone 
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deeper in order to retract the nose onto the opposite 
cheek. As he proceeded to resect the tumor, the 
bleeding was alarming. There was so much hemor- 
rhage that Dr Hingston felt the patient would drown 
in his own blood. He called for four volunteers. (As 
he was an interesting teacher as well as an excellent 
surgeon, the amphitheater of his operating room was 
always full of spectators.) These came down. Two of 
them grabbed the legs, and the other two the trunk and 
upper extremities, holding the patient upside down, 
with the head gently touching the floor. Dr Hingston 
then completed the tumor resection, controlled the 
bleeding, and closed the incisions while kneeling. 


That must have been a sight to behold! Although he 
did not mention it, the anesthetist probably had to 
give additional anesthetic from time to time, and an 
assistant may have been present to hold the nose out 
of the way. The two or three of them performed their 
duties on their knees in an ever-enlarging pool of 
blood, with four men straining to hold the patient 
steady in the upside-down position. Not only was the 
recovery uneventful, but the patient ended up with a 
barely visible scar.2 


Dr Hingston further thought about ways to reduce 
the bleeding. He recalled another patient he had 
operated on several years before. A visiting Ameri- 
can surgeon, after examining the patient and seeing 
Dr Hingston’s long hands, remarked that with his 
strong hands and long fingers, Dr Hingston should 
use a method utilized by Dr Gross of Philadelphia — 
blunt digital dissection. (Dr Samuel Gross [1805- 
1884] was perhaps the greatest American surgeon of 
his time. He was a professor of surgery in Louisville, 
Ky, from 1840 to 1856, and at the Jefferson Medical 
College, Philadelphia, Pa, from 1856 to 1882.) Dr 


Hingston tried this and found that it worked well, but 
that his fingers were sore after the surgery. On an- 
other occasion, his fingers were so painful after the 
operation that he could not use his hands properly for 
2 weeks. 


After all his deliberations, Dr Hingston decided 
that the safest way to remove the tumor of his patient 
would be to have him in the sitting position in a chair, - 
and to perform the procedure without anesthesia. 
(Local anesthesia was still experimental at this time.) 
This would allow the patient to continually cough up 
the blood. Blunt digital dissection would be used. 
Several stalwart assistants held the patient in the 
chair. A thick suture was placed through the tumor in 
the pharynx and given to an assistant to apply mild 
traction. 


During the initial stages of surgery, the patient sat 
quietly. As Dr Hingston began to separate the tumor 
using his fingers, the patient endured the pain at first 
but soon began to struggle violently, requiring all the 
strength of the assistants to hold him in the chair. Dr 
Hingston calmed him with some encouraging words, 
introduced a mouth gag, and continued the operation. 
The patient bore the rest of the operation stoically 
without moving. The bleeding was massive. The 
patient lost consciousness “plus d’une fois” (more 
than once), but revived each time to cough up the 
blood. 


At one stage Dr Hingston thought the patient 
would not survive the procedure because of the 
severe hemorrhage. However, he did survive, and felt 
so much better the day after the surgery that he 
refused to stay longer in the hospital and was allowed 
to leave. 
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IMAGING CASE STUDY OF THE MONTH 
SCHWANNOMA OF THE BRACHIAL PLEXUS 


PETER ZBAREN, MD 


MINERVA BECKER, MD 


BERN, SWITZERLAND 


CASE REPORT 


A 41-year-old woman was referred to the Depart- 
ment of Otorhinolaryngology—Head and Neck Sur- 


gery, Inselspital Bern, for evaluation and treatment of | 


aneck mass on the left side. In 1969, her left cervical 
and mediastinal lymph nodes were irradiated for 
Hodgkin’s lymphoma, which recurred in 1972 in the 
retroperitoneal lymph nodes. Treatment by splenec- 
tomy, irradiation, and chemotherapy followed. In 
1982 a right thyroidectomy, a left partial thyroidec- 
tomy, and radioiodine treatment were performed 
because of papillary thyroid carcinoma. 


During the subsequent 12 years, the patient was 
well and without any sign of recurrence until Novem- 
ber 1994, when a left neck mass was observed. The 
results of the head and neck examination showed a 2 
x 3-cm firm, immobile left posterior cervical mass. 
Palpation produced a tingling sensation over the 
distribution of the radial nerve. The results of the 
remainder of the physical examination, especially the 
neurologic examination, were within normal limits. 


Magnetic resonance imaging (MRI) demonstrated 
a tumor of the C-6 root of the brachial plexus (see 
Figure). The axial, nonenhanced T1-weighted spin 
echo image (TISE) demonstrated a well-delineated 
mass with smooth margins situated posterior to the 
left carotid artery and lateral to the left intervertebral 
foramen C5-6 (see Figure, A). On the corresponding 
T2-weighted spin echo image (T2SE), the tumor 
showed a very high signal intensity (see Figure, B); 
after intravenous administration of contrast material, 
a strong peripheral enhancement was observed (see 
Figure, C). The central part of the fusiform-shaped 
tumor showed areas of cystic degeneration. On the 
basis of these findings the diagnosis of a neurogenic 
tumor of the C-6 left nerve root was made. Fine nee- 
dle aspiration cytology was suggestive of schwan- 
noma. 


Neck exploration was undertaken by the head and 
neck surgeon with the neurosurgeon in attendance. A 


fusiform tumor was found involving the C-6 nerve 
root, extending to the outer lateral border of the 
foramen. The tumor was resected in toto with preser- 
vation of the nerve root by means of microsurgical 
techniques. Histology of the surgical specimen con- 
firmed the diagnosis of schwannoma. Postopera- 
tively, the patient had decreased strength of the wrist 
extensors and elbow flexors. At 12 months, these 
symptoms had nearly disappeared, and total return of 
function was attained. 


DISCUSSION 


Primary tumors of the brachial plexus are unusual. 
In 1987 Lusk et al! summarized 147 cases published 
since 1886. During the 20-year period of 1948 through 
1967, 23 cases of brachial plexus tumors were ob- 
served at the Mayo Clinic.” Verocay? is credited with 
the first description of a nerve tumor as a special 
entity in 1910. Two types of peripheral nerve tumors 
must be distinguished: schwannoma, which grows 
extrinsic to its parent fascicles, and neurofibroma, 
not encapsulated, intertwining itself within its fas- 
cicles of origin. Lusk et al! stated that the perineural 
fibrocytes give rise to the more invasive neurofibro- 
mas, and Schwann cells, which seem to be highly 
differentiated perineural cells, give rise to schwan- 
nomas. Microscopically, schwannomas are composed 
of densely packed spindle cells (the so-called Antoni 
type A) or more loosely textured myxoid stroma 
(Antonitype B).* Neurofibromas are often associated 
with von Recklinghausen’s disease. Several cases of 
schwannomas associated with thyroid tumors, as in 
our case, are reported in the literature.» Symptoms 
of numbness, paresthesia, and shooting pain on pal- 
pation associated with upper extremity weakness are 
characteristic of these lesions. However, half of the 
patients have no symptoms of neural impairment.’ 
The differential diagnosis must include lymphade- 
nopathy, lipomas, angiomas, and uncommon tumors 
of this area, such as brachial cleft cysts and vascular 
anomalies.’ The pathologic diagnosis can be made by 
needle aspiration cytology or histology prior to sur- 
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gical treatment, as was done in our case. One must be 
aware that the aspiration biopsy technique has in- 
adequacies in dealing with these pleomorphic tu- 
mors.’ A false malignant diagnosis can lead to large, 
unnecessary en bloc resections of benign lesions, 
with severe postoperative neural deficits.> Treatment 
of these tumors is by surgical excision with micro- 
surgical techniques. The schwannomas can usually 
be removed without or with only temporary postop- 
erative weakness of several parts of the arm, as in our 
case. Excision of neurofibroma, occurring within the 
fascicles themselves, frequently leads to an inevi- 
table neurologic deficit. 


Schwannomas and neurofibromas display typical 
findings on MRI. Nearly 75% of nerve root tumors 
have the same signal intensity as the spinal cord on 
TISE images.? More than 95% have a very high 
signal intensity on T2SE sequences, and nearly all 


Magnetic resonance images. A) Axial, nonenhanced TISE 
image at glottic level shows mass (arrows) having same 
signal intensity as spinal cord (arrowheads). B) Axial T2SE 
image at same level shows that left-sided neck mass has very 
high signal intensity (arrow). Note fusiform tumor shape 
with extension along nerve root to intervertebral foramen 
(arrowheads). C) Coronal, contrast-enhanced, fat-suppressed 
TISE sequence. Oval-shaped mass shows very strong pe- 
ripheral enhancement (arrows) and central nonenhancing 
zone (arrowhead). 
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nerve sheath tumors enhance following contrast ad- 
ministration.?:!9 In schwannoma, there is no direct 
correlation between Antoni A and Antoni B tissue 
types and features recognized on MRI scans.!! On 
histology, approximately 40% of spinal schwannomas 
have a cystic component.!° A “target” appearance 
(hyperintense rim and hypointense center) is often 
seen on contrast-enhanced T1SE images in both 
schwannomas and neurofibromas. Cystic or necrotic 
degeneration is responsible for the “target” appear- 
ance on MRI. In our case, all imaging findings (signal 
intensities on TISE and T2SE sequences, as well as 
cystic degeneration) were typical for a neurogenic 
tumor. 


In addition, on the axial images, the typical fusi- 
form tumor shape, as well as extension up to the 
lateral border of the intervertebral foramen, very 
strongly suggested a tumor of the C-6 nerve root. 
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The diagnosis of Hodgkin’s disease (HD) is still primarily based on the histopathologic criteria presented by Lukes et al in 1965. 
Over the past three decades, however, advances in immunohistochemistry, molecular studies, and virologic findings have provided 
evidence that HD exhibits significant heterogeneity. Whereas the nodular sclerosis subtype is the major subset of the “classic” disease, 
it has become evident that the nodular, lymphocytic predominance subtype may represent a minor distinct subset, and possibly a distinct 
disease entity. Furthermore, there is strong evidence that the mixed cellularity subtype may be an Epstein-Barr virus-related disorder. 
Finally, based on phenotypic and genotypic features, the existence of a “continuum” between a fraction of HD cases, including the 
lymphocytic depletion subtype, and CD30-positive anaplastic large cell lymphomas has been suggested. 


INTRODUCTION 
In recent years, the concept that Hodgkin’s disease 


- (HD) is a malignant disorder has been widely ac- 


cepted among pathologists, clinicians, and research- 
ers working on this disease. However, the nature and 
origin of the Reed-Sternberg (RS) cell, the presence 
of which is essential to the diagnosis of HD, remains 
a matter of controversy, in spite of the most recent and 
sophisticated investigations. 


After the redefinition of the pathologic picture of 
HD in the 1960s, most investigators focused their 
attention on non-Hodgkin’s lymphomas. In the last 
decade, however, immunohistochemical and molec- 
ular findings have revived interest in HD. This re- 
view will examine recent concepts and diagnostic 
features of the disease. 


PATHOLOGIC FEATURES 


The classification of HD widely adopted among 
pathologists and clinicians is the one presented at 
the meeting on HD in Rye, NY, in 1965.! The Rye 
classification combined the six groups of the Lukes et 
al? classification to produce four main histologic 
subtypes with lymphocytic predominance (LP), nodu- 
lar sclerosis (NS), mixed cellularity (MC), and lym- 
phocytic depletion (LD). 


The Lukes et al* classification was based on the 
quantitative relationship between lymphocytes and 
diagnostic RS cells (LP versus LD), and the different 
types of connective tissue proliferation (NS versus 
LD; diffuse fibrosis), with the MC subtype represent- 


ing those cases that failed to fit into the other subtypes. 
This classification further included the definition of 
three (nondiagnostic) RS cell variants associated 
with specific histologic subtypes of the disease: L & 
H (lymphocytic and histiocytic) cells, associated 
with LP; lacunar cells, detectable in NS; and the 
pleomorphic type, seen in LD. The mononuclear 
(Hodgkin’s cell) variant in an appropriate cellular 
background was considered as merely suggestive, 
but not diagnostic, of HD. 


The pathologic criteria identifying the histologic 
subtypes of HD have not changed since they were 
first described.!- It has been stressed, however, that 
familiarity with the terminology of the original Lukes 
et al? classification facilitates recognition of the dif- 
ferent variants, so the latter terms are useful for 
pathologists who can translate them into those of the 
Rye classification.} 


Clinical and pathologic experience over the past 
two decades, and recent advances in immunohisto- 
chemistry and molecular studies, have indicated that 
HD exhibits significant heterogeneity.4+-!° Different 
HD subsets have been recognized that may reflect 
evolutional forms of a single disease or separate, 
although possibly closely related, diseases.!! A ma- 
jor subset includes the NS subtype; the second subset 
encompasses almost the entire spectrum of the non- 
NS subtypes. It mainly includes the MC subtype, 
along with a smaller group of related cases with 
features of the LP-diffuse and LD subtypes. The 
cellular-phase NS variant, showing lacunar RS cells 
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MORPHOLOGIC, IMMUNOPHENOTYPIC, AND 
VIROLOGIC FEATURES OF LP HD VERSUS 


CLASSIC HD 
LP HD Classic HD 
Atypical cells LP variants (L & H) Diagnostic RS 
cells 

Diagnostic or Rare to absent Present 

lacunar RS 

cells 
CD15 Negative Positive 
CD30 Usually negative Positive 
CD20 Usually positive Usually negative 
CD45 Positive Usually negative 
EMA Positive Negative 
EBV (in large Usually negative Often positive 


cells) (20% to 70%) 

LP HD — lymphocyte predominance Hodgkin's disease, classic 
HD — Hodgkin’ s disease with nodular sclerosis and mixed cellularity, 
RS—~Reed-Sternberg, EMA —epithelial membrane antigen, EBV — 
Epstein-Barr virus. 


with no evidence of sclerosis, !2:13 may belong to this 
subset. The third, minor subset includes the nodular 
LP subtype. Sufficient evidence has emerged to war- 
rant recognition of this subtype of HD as a distinct 
entity. It differs morphologically, immunopheno- 
typically, and clinically (see below) from classic 
HD.?:!4.15 Typically, in the nodular LP subtype, pro- 
gressively transformed germinal centers are seen in 
the same or other nodes, while diagnostic RS cells are 
rare or absent (see Table). 


ANATOMIC SITES OF INVOLVEMENT 
AND CLINICAL FEATURES 


There are differences between HD and the non- 
Hodgkin’s lymphomas regarding the anatomic sites 
of involvement at presentation. In HD the rarity of 
any initial involvement of Waldeyer’s ring, skin, 
gastrointestinal tract, or mesenteric lymph nodes is 
well known,!6 while these sites are often involved by 
non-Hodgkin’s lymphomas. 


Among the HD subtypes, LP usually presents as an 
enlarged cervical lymph node,!8 whereas the NS 
subtype more commonly involves the mediastinum 
than all the other subtypes combined.!? The LP 
subtype of HD occurs at all ages and it usually 
involves peripheral lymph nodes, sparing the medi- 
astinum. Survival is long, with or without treatment, 
for localized cases. The disease may progress to large 
B-cell lymphoma. The NS variant is most common in 
young adults; the mediastinum is commonly involved; 
this variant is often curable. Patients with the MC 
subtype are usually adults and the stage may be more 
advanced than in the NS or LP types, involving the 
lymph nodes, spleen, liver, or marrow. The course is 
moderately aggressive. The LD subtype is the least 
common variant of HD and usually occurs in older 


people, in human immunodeficiency virus (HIV)— 
positive individuals, and in nonindustrialized coun- 
tries. It frequently presents with abdominal lymph- 
adenopathy and spleen, liver, and bone marrow in- 
volvement, without peripheral adenopathy. The stage 
is usually advanced at diagnosis; response to treat- 
ment is reportedly no different from that of the other 
subtypes, however.”9 


HODGKIN’S DISEASE AND HIV INFECTION 


Although several reports have suggested an asso- ` 
ciation of HD with the acquired immunodeficiency 
syndrome (AIDS),2!:22 HD occurring in patients with 
HIV infection is not yet considered an AIDS-defin- 
ing condition. 


In the largest registry linkage study,” solid tumors 
as a whole did not occur more often than expected 
among persons with AIDS, but two neoplastic forms 
were found to be significantly increased: HD and 
carcinomas of the anorectum. The high rate of HD in 
this population-based cohort of patients with AIDS 
strongly supports the previous reports?!:22,24 that 
suggested that at least a subset of HD may be part of 
the AIDS presentation. In fact, the findings of recent 
studies have documented a significant difference in 
the distribution of MC and LD subtypes of HD in 
HIV-infected patients as compared with HD in the 
general population.?4?7 Accordingly, HD has been 
described in patients with HIV infection in associa- 
tion with unfavorable prognostic factors, such as 
advanced stage at presentation, unfavorable histo- 
logic subtypes, and an aggressive clinical course.?8-30 
Furthermore, a pathogenic role of Epstein-Barr vi- 
rus (EBV) in a large proportion of HD occurring in 
the HIV setting has been assumed on the basis of 
the higher frequency of EBV genome demonstra- 
tion.31-33 


Most of these clinicopathologic and virologic char- 
acteristics have recently been studied in a large group 
of patients with HIV infection collected within the 
framework of the GICAT (Gruppo Italiano Coop- 
erativo AIDS e Tumori).34 In 114 patients with HD 
and HIV infection compared with a single-institution 
series of 104 HIV-negative patients with HD, this 
study revealed a younger median age (29 versus 38 
years), a male prevalence (90% versus 56%), and a 
higher percentage of stage IV disease (52% versus 
15%), B (clinical) symptoms (77% versus 35%), and 


- extranodal disease (63% versus 29%) at presentation. 


Seventy-nine percent of the 114 patients were intra- 
venous drug users, and 17% had AIDS diagnosed 
prior to HD onset; the median CD4+ cell count at 
diagnosis of HD was 275/mm;°. In the same study the 
relationship between EBV and HD in the HIV setting 
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Fig 1. Hodgkin’s disease, nodular sclero- 
sis subtype (Bouin-fixed, paraffin-em- 
bedded tissue section; alkaline phopha- 
tase—anti—alkaline phosphatase [APAAP] 
method; hematoxylin counterstain; origi- 
nal x400). Immunostaining with anti- 
CD40 monoclonal antibody 89 discloses 
presence of population of large Reed- 
Sternberg cells that are characterized by 
strong membrane labeling. 


was determined in 18 cases by an in situ hybridization 
technique, immunostaining for EB V-encoded latent 
membrane protein—1 (LMP-1) expression, and the 
Southern blot technique. Such a combined approach 
revealed that 14 (78%) of the 18 HD patients with 
HIV infection had associated EBV — a frequency 
significantly higher than is observed in HD cases 
without HIV in a single-institution series (27/104 or 
26% by immunohistochemical analysis for LMP-1, 
and 12/44 or 27% by Southern blot analysis). The 
finding that monoclonal EBV genomes were de- 





most cells show distinct pattern of staining for anti-CD40 
antibody 89; strong membrane staining is associated with 
dotlike cytoplasmic positivity. 





tected in all EBV-positive cases and that the same 
EBV-infected clone was present in multiple me- 
tachronous locations of the disease provided further 
evidence to support the causal involvement of EBV 
in HIV-related HD. 


IMMUNOPHENOTYPING 


Extensive immunophenotypic analysis has shown 
heterogeneous antigenic profiles on RS cells,*5 and 
there have been no convincing indications of RS cell- 
specific antigens. On the basis of such evidence, a 
combination of several markers, including activation 
antigens (CD30, CD15, CD25, CD71), HLA-related 
molecules (CD74, HLA-DR), T and B cell—associ- 
ated antigens, and leukocyte common antigen, is 
currently employed for the immunodiagnosis of HD 
in routine pathology practice.’3&39 The nodular vari- 
ant of the LP subtype of HD poses special diagnostic 
problems, since L & H cells usually express several 
B-cell markers,’:!4,38,40 but lack consistent staining 
with anti-CD 15402 and anti-CD30’ monoclonal an- 
tibodies (MoAbs; see Table). 


It has recently been reported*? that RS cells and 
their morphologic variants expressed CD40 in 139 of 
139 HD cases, irrespective of the histologic subtype 
or their antigenic phenotype (B, T, non T-non B). 
The staining of RS cells with anti-CD40 MoAb 89 
was very intense on the cell membranes (Fig 1), being 
associated with cytoplasmic reactivity and a strong 
dotlike pattern in the paranuclear area (Fig 2). Im- 
munodetection of CD40 on Bouin or formalin-fixed 
paraffin-embedded material therefore appeared of 
considerable value in identifying RS cells, including 
those of the nodular variant of the LP subtype. 


Expression of CD30 is not restricted to the RS cells 
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% Fig 3. EBER in situ hybridization (ISH) 
59 performed in Epstein-Barr virus (EBV)— 
positive Hodgkin’s disease of mixed cel- 
lularity subtype (Bouin-fixed, paraffin- 
embedded tissue section; ISH; nuclear 
fast red counterstain; original x400). Sig- 
nal is present as dense grains over nuclei 
of Reed-Sternberg cells. 
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of HD, as CD30 MoAbs also identify a group of non- 
Hodgkin’s lymphomas designated anaplastic large 
cell (ALC) lymphomas.?6 In most cases, CD30-posi- 
tive ALC lymphomas (first described as a distinct 
pathologic entity in 198544) exhibit a considerable 
morphologic resemblance to HD.4547 Both condi- 
tions share several phenotypic and genotypic fea- 
tures, and the existence of a continuum between these 
two neoplastic lesions has been suggested.48 The 
overlapping phenotypic features of HD and ALC 
lymphomas include the expression of the CD30 mol- 
ecule and of other activation antigens, and the incon- 
sistent expression of T- or B-lineage antigens, often 
leading toa “null-cell” overall phenotype.>”45:48.49 In 
addition, the expression of the intermediate-filament— 
associated protein restin,>° and of the c-kit receptor 
protein,-! has recently been shown to be restricted 
among human lymphomas to HD and ALC lym- 
phomas. Such similarities, which also extend to “func- 
tional” parameters (such as the production of specific 
cytokines like interleukin-9°7), further suggest that 
these two lymphoma entities are biologically related, 
and enhance diagnostic difficulties in distinguishing 
between them.?7 


In acomparative study’ aimed at assessing in situ 
reactivity of a combination of antibodies such as 
CD30/BerH2, epithelial membrane antigen (EMA), 
CD15, and CD45, in addition to other antibodies 
suitable for paraffin tissues, a great proportion of 
ALC lymphomacases expressed the CD30+, CD45+, 
CD15-, EMA- or + phenotypic profile, while in a 
comparable percentage of HD cases RS cells were 
found to express the CD30+, CD45-,CD15+, EMA- 
antigenic profile. However, since coexpression of 
CD30, CD45, and CD15 antigens was encountered in 


a far-from-negligible fraction of cases, the applica- 
tion of new discriminating markers would be ex- 
tremely helpful. In this regard, recent studies53-55 
have demonstrated the great relevance of CD26 anti- 
gen expression in CD30+ ALC lymphomas* and 
have confirmed the consistent immunodetection of 
the CD40 molecule on RS cells of HD.°4>> The re- 
sults of a follow-up investigation into the comple- 
mentary evidence deduced from the above-mentioned 
studies>3-55 have demonstrated that the combined 
application of anti-CD40 and anti-CD26 MoAbs 
does provide an additional significant aid in differen- 
tiating HD from CD30+ ALC lymphomas, because a 
CD26+, CD40- profile is restricted to the latter.56 


GENOTYPING 


Molecular genetic studies have attempted to detect 
the clonality and lineage of RS cells. Southern blot 
studies have detected both clonal rearrangements of 
immunoglobulin and T cell antigen receptor genes, 
witha predominance of clonal immunoglobulin heavy 
and/or light chain gene rearrangements.°’ However, 
these studies do not provide direct evidence to indi- 
cate that it is specifically the RS cells that are clonal 
and contain antigen receptor gene rearrangements.>> 
Recently, clonal VDJ (variable diversity joining) 
rearrangements of the immunoglobulin heavy chain 
gene have been found in a subset of HD cases ex- 
pressing B-lineage antigens by means of the poly- 
merase chain reaction (PCR).>8 Furthermore, immu- 
noglobulin heavy chain gene rearrangements have 
been detected in single RS cells in several cases by 
means of PCR studies combined with microdissec- 
tion.>? In nodular LP, there is also evidence for B cell 
clonality, as monotypic x light chain restriction has 





Fig 4. Hodgkin’s disease, mixed cellular- 
ity subtype (Bouin-fixed, paraffin-em- 
bedded tissue section; APAAP method; 
hematoxylin counterstain; original x630). 
Reed-Sternberg cells show strong cyto- 
plasmic staining for EBV-encoded anti- 
gen LMP-1. 


been demonstrated by immunohistochemical and in 
situ hybridization studies,©6! and clonality has been 
found in one case by means of a single PCR technique 
to analyze the immunoglobulin heavy chain gene.°? 
However, one study found a polyclonal pattern of 
immunoglobulin gene rearrangements in LP by means 
of a single-cell PCR assay. 


EPSTEIN-BARR VIRUS ASSOCIATION 


Hodgkin’s disease shows epidemiologic features 
very similar to those of infectious disease. A bimodal 
age-incidence curve has been described, with an 
early peak comprising cases in young adults (15 to 34 
years of age) and a second peak occurring in elderly 
individuals.® It has been suggested that HD in young 
adults may arise as an unusual and late host response 
to an infectious agent that is widespread in all com- 
munities. In the older HD patients, either the same 
virus may be reactivated from its latent state as a 
consequence of age-related decline in immunosurveil- 
lance, or these older cases may have a completely 
different etiopathogenesis. In addition to epidemio- 
logic evidence, an association between EBV and HD 
has also been suggested by the findings of increased 
titers of EBV-induced antibodies in HD patients, and 
by an increased risk of developing HD after infec- 
tious mononucleosis. 


A variety of different techniques at the DNA, 
RNA, and protein levels have been employed to 
analyze the presence of EBV in HD specimens. The 
first studies detected EB V-specific sequences in HD 
samples by Southern blotting and filter hybridization 
in about one third of the cases.6465 That the EBV 
genomes contained within the tumors were shown to 
be clonal indicates that the EBV-infected population 
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had arisen from a single cell.-66 The PCR technique 
showed EBV DNA sequences in aconsiderably larger 
proportion of cases. However, that PCR positivity 
could have been derived from normal bystander cells 
is a possibility that cannot be ruled out. In situ hy- 
bridization (ISH; for either genomic DNA or EBV- 
encoded messenger RNAs such as EBERs [EBV- 
encoded small RNAs)}) provided direct evidence that 
in EBV-positive cases the virus is prevalently found 
in RS cells and their precursors (Fig 3), further sup- 
porting the possible etiopathogenic role of the virus 
in HD.®°7 Finally, immunostaining with antibodies 
against EB V-encoded proteins, such as LMP-1, was 
successfully used to detect EBV-positive cases (Fig 
4) and also to ascertain that RS cells and their precur- 
sors harbor and actively transcribe the viral genome.® 
In areview of available data on the detection of EBV 
by different techniques, Drexler>> reported that in a 
total of 928 HD cases investigated up to 1992, EBV 
positivity was around 19% by genomic DNA ISH, 
around 34% by either RNA ISH or Southern blot 
analysis of genomic DNA, around 45% by immuno- 
staining with LMP-1, and around 56% by PCR am- 
plification. 


In a single-institution series comprising 188 HD 
cases (unpublished observations from the National 
Cancer Institute of Aviano, Italy) the association with 
EBV was investigated by ISH with an EBV RNA 
probe. Immunostaining for LMP-1 expression was 
also performed in 180 of these cases. The EBV 
positivity was around 27% by ISH and around 21% 
by immunostaining with LMP-1 on Bouin-fixed, 
paraffin-embedded tissue sections. Such discrepan- 
cies between the presence of EBV RNA detected by 
ISH and the absence of LMP-1 expression have 
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already been reported. The lower positivity for LMP- 
1 by comparison with other studies may be attributed 
to the use of Bouin-fixed tissue sections. In this 
experience, a higher association of EBV was found 
with the MC HD subtype (27 of 42 cases or 64%) than 
with the other subtypes. An EBV positivity was 
detected in 18% of NS HD (21 of 115 cases), 29% of 
LD HD (2 of 7 cases), and 4% of LP HD (1 of 24 
cases). These data are very similar to those found in 
two other European HD series.®8.69 


In conclusion, these data suggest that the EBV 
genome is primarily associated with the MC HD 
subset and may consequently further support the 
proposed subdivision of HD into two main groups, ie, 
the MC and NS subsets. The EBV is not generally 
found in the LP type.®:67 





CONCLUSIONS 


The histopathologic criteria of HD formulated by 
Lukes et al? have proved to be of invaluable utility to 
the diagnosis and study of HD. Today, immunohisto- 
chemical studies using a panel of antibodies directed 
against leukocyte antigens supplement the histologic 
criteria, and are particularly useful in the recognition 
of RS variants. Over the last 25 years, it has become 
evident that the nodular LP subtype may represent a 
distinct subset, and possibly a distinct disease entity, 
that can be distinguished from other types of HD by 
clinical, histologic, immunohistochemical, molecu- 
lar biology, and virologic studies. Although the lin- 
eage of the RS cell in cases of NS and MC is still not 
clear, preliminary evidence suggests a possible B- 
cell lymphoid lineage. There is strong evidence for an 
association with EBV, particularly in MC cases. 
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LANGUAGE DEVELOPMENT IN COCHLEAR IMPLANTED CHILDREN 


The International Conference on Language Development in Cochlear Implanted Children will be held December 8-9, 1996, in Lyon, 
France. For more information, contact Prof A. H. Morgon, Hopital Edouard Herriot, pavillon U, place d’ Arsonval, 69003 Lyon, France; 


telephone (33) 72.11.05.35; fax (33) 72.11.05.34. 
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EPITHELIAL HYPERPLASTIC LESIONS OF THE LARYNX 


The International Conference on Epithelial Hyperplastic Lesions of the Larynx will be held October 28-30, 1996, in Ljubljana, 
Slovenia. For more information, contact Bostjan Luzar, MD, or Aleksandar Vodovnik, MD, Institute of Pathology, Korytkova 2, 61105 
Ljubljana, Slovenia; telephone 386 61 1403042 (Int. 268); fax 386 61 301 816; E-mail Vodovnik@IBMI.MEF.UNI-LJ.SI. 


PEDIATRIC OTOLARYNGOLOGY 
FELLOWSHIP 


July 1, 1998 


Children’s Hospital and Medical Center 
University of Washington 
Seattle, Washington 


This fellowship emphasizes clinical pediatric otolar- 
yngology with exposure to a full spectrum of patho- 
physiology, including airway reconstruction, broncho- 
esophagology, chronic ear disease, sinus surgery, velo- 
pharyngeal insufficiency surgery, and microtia repair. 


Basic or clinical research utilizing the resources at the 
University of Washington and Children’s Hospital is 
emphasized during the latter portion of the fellowship. 


Direct inquiries to: 


Scott C. Manning, MD 
Division of Pediatric Otolaryngology 
Children’s Hospital and Medical Center 
4800 Sand Point Way NE 
PO Box 5371, CH-62 
Seattle, WA 98105-0371 
(206) 526-2100 ext 5264 
fax: (206) 527-3955 











THE UNIVERSITY OF IOWA 


PEDIATRIC OTOLARYNGOLOGY 
FELLOWSHIP 


A two-year fellowship in pediatric otolaryngology (18 
months clinical, 6 months research) is available within the 
Department of Otolaryngology—Head and Neck Surgery 
at The University of Iowa, Iowa City, Iowa, beginning July 
1998. Experience is offered in all aspects of pediatric 
otolaryngology, including airway management and lar- 
yngology, otology and cochlear implantation, facia! plas- 
tic surgery, and cleft lip/palate surgery. Research opportu- 
nities are available in molecular otolaryngology, cochlear 
implantation, and speech and language development. Ap- 
plicants must be Board-eligible in Otolaryngology—Head 
and Neck Surgery and able to secure an Iowa medical 
license. 
For further information, contact: 
Richard J. H. Smith, MD 
Department of Otolaryngology—Head and Neck Surgery 
The University of lowa 
Iowa City, IA 52242 
(319) 356-3612 
Fax (319) 356-4547 


The University of Iowa is an Affirmative Action/Equal Opportunity 
employer. Persons of minority status are encouraged to apply. 
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